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(57) ABSTRACT

Methods, processes, and systems for the production of lipids
and starch from modified algae are disclosed. In one embodi-
ment, the modified algae over-expresses isoamylase and
accumulates much higher amounts of starch than unmodified
algae. In some embodiments, the modified algae comprises
one or more copies of an isoamylase expression construct. In
one embodiment, the modified algae is a sta7 Chlamydomo-
nas reinhardtii mutant with a starchless phenotype that has
been complemented with one or more copies of the wild-type
genomic STA7 isoamylase gene construct. The comple-
mented, modified algae accumulates much greater amount of
starch than an unmodified algae and may be used to produce
large amounts of starch and/or lipids.
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1
MODIFIED ALGAE FOR IMPROVED
BIOFUEL PRODUCTIVITY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of priority pursuant to 35
U.S.C. §119(e) of U.S. provisional patent application No.
61/467,919 filed 25 Mar. 2011, which is hereby incorporated
herein by reference in its entirety.

STATEMENT REGARDING RESEARCH &
DEVELOPMENT

Described examples were made with Government support
under Grant No. FA9550-05-1-0365 awarded by the Air
Force Office of Scientific Research. The Government may
have certain rights in this invention.

FIELD

The disclosed processes, methods, and systems are
directed to lipid and starch production from a modified algae.

BACKGROUND

Microalgae are able to efficiently convert sunlight, water,
and CO, into a variety of products suitable for renewable
energy applications including H,, carbohydrates, and lipids.
The unicellular green alga Chlamydomonas reinhardtii has
emerged as a model organism for studying algal physiology,
photosynthesis, metabolism, nutrient stress, and the synthesis
of bioenergy carriers. During acclimation to nitrogen depri-
vation, C. reinhardtii cells accumulate significant quantities
of starch and form lipid bodies. Despite the significance of
these products in algal physiology and in biofuels applica-
tions, the metabolic, enzymatic, and regulatory mechanisms
controlling the partitioning of metabolites into these distinct
carbon stores are poorly understood in algae.

What is needed is a modified algae that can produce large
quantities lipid and/or starch and methods of producing the
same from modified algae.

SUMMARY

Disclosed herein are modified algae and methods of pro-
ducing starch from modified algae. In one embodiment, a
modified algae is disclosed comprising an isoamylase gene
that is over-expressed in the modified algae compared to
isoamylase in an unmodified algae, wherein synthesis of
starch by the modified algae is increased relative to the
unmodified algae. In some embodiments, the modified algae
comprises one or more copies of an isoamylase expression
construct. In another embodiment, a modified algae is dis-
closed comprising a mutated isoamylase gene; and one or
more copies of an isoamylase expression construct; wherein
synthesis of starch by the modified algae is increased relative
to the unmodified algae. In some embodiments, the isoamy-
lase expression construct is a genomic copy of the isoamylase
gene, which is from the same genus of algae as the modified
algae. In some embodiments the isoamylase expression con-
struct is integrated into the algal genome. In many embodi-
ments the modified algae is a starch producing algae, for
example a green or red algae. In some embodiments the
modified algae is Chlamydomonas reinhardtii. In some
embodiments, the Chlamydomonas reinhardtii is a sta7
mutant algae. In some embodiments the Chlamydomonas
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reinhardtii sta7 comprises one or more copies of an isoamy-
lase expression construct comprising a Chlamydomonas rein-
hardtii genomic isoamylase coding sequence; wherein syn-
thesis of starch by the modified algae is increased relative to
the unmodified algae.

Disclosed herein are methods of producing starch from a
modified algae comprising: growing a modified algae in a
growth medium, wherein the modified algae comprises an
isoamylase gene that is over-expressed compared to an
unmodified algae, wherein synthesis of starch by the modified
algae is increased relative to the unmodified algae; isolating
the modified algae from the growth medium; and processing
the algae to produce a starch. Also disclosed herein are meth-
ods of producing starch from a modified algae comprising:
growing a modified algae in a growth medium, wherein the
modified algae comprises a mutated isoamylase gene; and
one or more copies of an un-mutated isoamylase expression
construct; wherein synthesis of starch by the modified algae is
increased relative to the unmodified algae; isolating the algae
from a growth medium; and processing the algae to produce
a starch.

While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent
to those skilled in the art from the following detailed descrip-
tion. As will be apparent, the invention is capable of various
modifications, all without departing from the spirit and scope
of'the present invention. Accordingly, the detailed description
is to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Cell counts for CC124, sta6, sta7, and two sta7:
STA7 complemented strains, ¢5 and ¢19. Growth curves from
a representative experiment are shown and were constructed
from cell counts at resuspension (Oh) until 96 h, as indicated,
in (FIG. 1A) TAP or (FIG. 1B) nitrogen-depleted TAP-N
media. Each data point represents three replicates, except for
c5, which represents 2 biological replicates.

FIG. 2. Starch analyses. Cells were analyzed for glucose
derived from starch after amyloglucosidase digestion at
resuspension (0 h) and after 96 h in nitrogen-replete TAP or
nitrogen-depleted TAP-N medium. (FIG. 2A) Starch-derived
glucose per million cells. (FIG. 2B) Starch-derived glucose
per milliliter of culture. Starch levels were analyzed after 28
h in CC124, ¢5, and c19 to determine whether maximum
accumulation was reached prior to 96 h. Each data point
represents five replicates. (FIG. 2C) Verification of starch
phenotype in CC124, sta6, and sta7. Cells were spotted on
TAP and TAP-N agar plates, as indicated. After 7 days the
cells were imaged on TAP plates and the TAP-N plate was
stained with iodine vapors and imaged (far right) to indicate
the presence of starch (deep purple color).

FIG. 3. GC-FID quantitation of fatty acid methyl esters
derived from CC124, sta6, sta7, ¢5, and c19 lipids at the
indicated times of culturing in nitrogen-depleted TAP-N
medium. Values are representative of triplicate biological
samples. (FIG. 3A) Lipid quantified per million cells. (FIG.
3B) Lipid quantified by milliliter of culture.

FIG. 4. Laser scanning confocal fluorescent microscopy
images merged with transmitted light images. CC124, sta6,
sta7, c5, and c¢19 cells are shown, top to bottom, respectively.
The two leftmost columns show cells stained with the non-
polar lipid fluorophore Bodipy 493/503. Non-polar lipid bod-
ies are visualized by green Bodipy fluorescence after 96 h
(left: TAP, right: TAP-N). The two rightmost columns show
differential interference contrast images after 96 h (left: TAP,
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right: TAP-N). Oil bodies are visible inside the cells as blue-
green tinted vesicles. Chlorophyll autofluorescence is red. All
scale bars represent 10 pm.

FIG. 5. (FIG. 5A) Concentrations of acetate remaining in
CC124, sta6, sta7, and two sta7 complemented strains (sta7:
STA7), ¢5 and ¢19, in TAP-N medium at indicated culturing
times. Cultures were inoculated at approximately 2.0-2.5x
10° cells/ml. Initial acetate concentration in TAP and TAP-N
media is 17.5 mM. Values are representative of triplicate
biological samples. (FIG. 5B) Oxygen evolution from 0.8 ml
aliquots of indicated strains after 24 h in nitrogen-depleted
TAP-N medium. Oxygen evolution is shown from left to right
on the basis of culture volume, cell number, and chlorophyll,
respectively. Cultures were inoculated at approximately 1.0x
107 cells/ml to produce O, at levels sufficient for detection.

FIG. 6. Chlorophyll content per milliliter of culture in a
representative experiment at specified time points for CC124,
sta6, sta7, c5,and c19 in (FIG. 6 A) nitrogen-replete (TAP) or
(FIG. 6B) nitrogen-depleted (TAP-N) medium. Values are
representative of triplicate biological samples. Cells were
pre-cultured to late log phase and then resuspended at 2.0-
2.5x10° cells/ml in either TAP or TAP-N medium.

FIG. 7. Variable chlorophyll-a fluorescence (F,/F,,) of
CC124 (circles), sta6 (triangles), and sta7 (squares) plated on
TAP-N agar (five replicate colonies for each strain) as mea-
sured by the PSI Fluor Cam imager.

DETAILED DESCRIPTION

Disclosed herein are modified algae and methods of pro-
ducing starch from modified algae, wherein the modified
algae over-express isoamylase relative to an unmodified, or
wild-type algae. In one embodiment, a modified algae is
disclosed comprising an isoamylase gene construct, wherein
synthesis of starch by the modified algae is increased relative
to the unmodified algae. In some embodiments, the isoamy-
lase expression construct comprises a genomic isoamylase
gene. In some embodiments, the modified algae is a wild-type
algae comprising one or more copies of an isoamylase expres-
sion construct.

Also disclosed herein, is a modified algae comprising a
mutated isoamylase gene; and one or more copies of an un-
mutated isoamylase expression construct; wherein synthesis
of starch by the modified algae is increased relative to the
unmodified algae. In some embodiments, the un-mutated
isoamylase expression construct may comprise a genomic
copy of the isoamylase gene, which may be from the same
algae or other sources, the isoamylase expression construct
may be integrated into the algal genome. In many embodi-
ments the modified algae is a starch producing algae, for
example a green or red algae. In some embodiments the
modified algae is Chlamydomonas reinhardtii. In some
embodiments, the Chlamydomonas reinhardtii is a sta7
mutant algae. In some embodiments the Chlamydomonas
reinhardtii sta7 comprises one or more copies of an isoamy-
lase expression construct comprising a Chlamydomonas rein-
hardtii genomic isoamylase coding sequence; wherein syn-
thesis of starch by the modified algae is increased relative to
the unmodified algae.

Disclosed herein are methods of producing starch from a
modified algae comprising: growing a modified algae in a
growth medium, wherein the modified algae comprises an
isoamylase gene that is over-expressed compared to an
unmodified algae, wherein synthesis of starch by the modified
algae is increased relative to the unmodified algae; isolating
the modified algae from the growth medium; and processing
the algae to produce a starch. Also disclosed herein are meth-
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4

ods of producing starch from a modified algae comprising:
growing a modified algae in a growth medium, wherein the
modified algae comprises a mutated isoamylase gene; and
one or more copies of an un-mutated isoamylase expression
construct; wherein synthesis of starch by the modified algae is
increased relative to the unmodified algae; isolating the algae
from a growth medium; and processing the algae to produce
a starch.

Disclosed herein are modified algae having a mutated
isoamylase gene and one or more copies of an unmutated
isoamylase expression construct, wherein the algae accumu-
late greater amounts of starch than unmodified algae. In some
cases, the mutated isoamylase gene is a disrupted gene. In
some cases the un-mutated isoamylase expression construct
comprises the genomic isoamylase coding sequence. In some
cases the algae is C. reinhardtii. In some cases, the algae may
be complemented sta7 mutants of C. reinkardtii.

Wild-type and modified algae are disclosed. In some cases
the algae is any algae comprising an isoamylase gene, or any
algae that can produce starch. In other embodiments, the alga
can be red or green algae. In many embodiments the alga is
chosen from the genera Scenedesmus, Prototheca, Chlorella,
Chlamydomonas, Botryococcus, Haematococcus,
Dunaliella, Isochrysis, Tetraselmis. In some cases the alga is
a green alga (Chlorophyceae), red alga (Rhodophyceae), or
Dinophyta (dinoflagellates) or Glaucophyta. In some cases,
the alga is from the division of chlorophyta. In various cases
the algae may be Chlamydomonas reinhardtii, Chlamydomo-
nas sp, Chlamydomonas actinochloris, Chlamydomonas
agregata, Chlamydomonas augustae, Chlamydomonas cf
debaryana, Chlamydomonas cf peterfii, Chlamydomonas cf
typica, Chlamydomonas chlorococcoides, Chlamydomonas
dorsoventralis, Chlamydomonas geitleri, Chlamydomonas
macropyrenoidosa, Chlamydomonas moewusii, Chlamy-
domonas nivalis, Chlamydomonas peterfii, Chlamydomonas
segnis, Chlamydomonas subtilis, Chlorella pyrenoidosa,
Chlorella variabilis, Chlorella anitrata, Chlorella antarc-
tica, Chlorella aureoviridis, Chlorella candida, Chlovella
capsulata, Chlorella desiccata, Chlorella ellipsoidea, Chlo-
rella emersonii, Chlorella usca, Chlorella usca var vacu-
olata, Chlorella glucotropha, Chlorella infusionum, Chlo-
rella infusionum var Actophila, Chlorella infusionum var
Auxenophila, Chlorella kessleri, Chlorella luteoviridis, Chlo-
rella luteoviridis var aureoviridis, Chlorella luteoviridis var
Lutescens, Chlorella miniata, Chlorella minutissima, Chlo-
rella mutabilis, Chlorella nocturna, Chlorella parva, Chlo-
rella photophila, Chlorella pringsheimii, Chlorella prototh-
ecoides, Chlorella regularis, Chlorella regularis var minima,
Chlorella vegularis var umbricata, Chlorella reisiglii, Chlo-
rella saccharophila, Chlorella saccharophila var ellipsoidea,
Chlorella salina, Chlorella simplex, Chlorella sorokiniana,
Chlorella sp, Chlorella sphaerica, Chlorella stigmatophora,
Chlorella vanniellii, Chlorella vulgaris, Chlorella vulgaris
tertia, Chlorella vulgaris var airidis, Chlovella vulgaris var
vulgaris, Chlorvella vulgaris var vulgaris tertia, Chlorella
vulgaris var vulgaris viridis, Chlorella xanthella, Chlorella
zofingiensis, Prototheca moriformis, Prototheca sp, Prototh-
eca stagnora, Prototheca zopfii, Scenedesmus obliquus,
Scenedesmus quadricauda, Scenedesmus maximus, Scene-
desmus opoliensis, Scenedesmus aramalus, Scenedesmus
dimorphus, Scenedesmus sp, Dunaliella salina, Dunaliella
tertiolecta, Dunaliella sp, or Cyanidioschyzon merolae.

Asused herein, wild-type algae lack mutations in the starch
biosynthetic pathway, but may comprise mutant sequences in
other pathways that can aid in growth of alga in a laboratory
setting or a commercial setting. In some cases, the disclosed
wild-type algae is any algae comprising an isoamylase gene,
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or any algae that can produce starch. In other embodiments,
the wild-type alga can be red or green algae. In many embodi-
ments the wild-type alga is chosen from the genera Scenedes-
mus, Prototheca, Chlorella, Chiamydomonas, Botryococcus,
Haematococcus, Dunaliella, Isochrysis, Tetraselmis. Insome
cases the wild-type alga is a green alga (Chlorophyceae), red
alga (Rhodophyceae), or any alga from the division of chlo-
rophyta. In some cases, the wild-type alga is CC-124, or D66.
In some cases the wild-type algaec may be selected from a
group consisting of CC-1009, CC-1010, CC-1092, CC-1093,
CC-124, CC-124 1, CC-125, CC-1373, CC-1480, CC-1481,
CC-1690, CC-1691, CC-1692, CC1952, CC2342, CC-2399,
CC-2482, CC-2494, CC-277, CC-2931, CC425, CC-4425,
CC-620, CC-621, CCAP 11/32A, CCAP 11/32B, CCAP
11/32D, CCAP11/132, CF-1, CF-2, CW15, D66, D67, NIVA
Chl13, NIVA Chl21, SAG 11-31, SAG 11-32a, SAG 11-32b,
SAG 11-32¢, SAG 18.79, SAG 23.90, SAG 54.72,SAG 7.73,
SAG 73.72, SAG 77.81, SAG 81.72, SAG 83.81, UTEX
1062, UTEX 2243, UTEX 2244, UTEX 2246, UTEX 2247,
UTEX 2337, UTEX 89, UTEX 90.

In many cases, the disclosed modified algae over-expresses
isoamylase. In some embodiments, over-expression of
isoamylase is due to the presence of additional copies of the
isoamylase coding sequence, for example by transformation
of an alga with an isoamylase expression construct. In some
cases, isoamylase expression constructs may comprise a
genomic isoamylase coding sequence. In some cases, over-
expression may be due to modification of the control
sequences of the genomic isoamylase gene, for example
mutation of the isoamylase promoter sequence, or replace-
ment of the isoamylase promoter sequence with a more active
promoter sequence. In many cases, the isoamylase expression
construct may be integrated into the algae genome, in other
cases the isoamylase expression construct may be an extra-
chromosomal sequence, such as a plasmid. Such methods are
well known to one of skill in the art and can be found in
Lumbreras, V., D. R. Stevens, and S. Purton, 1998, Efficient
foreign gene expression in Chlamydomonas reinhardtii
mediated by an endogenous intron. Plant J. 14:441-447; The
Chlamydomonas Sourcebook, Second Edition, Academic
Press, Oxford; Harris, E. H. (Ed.) 2009; and The Chlamy-
domonas Sourcebook: a comprehensive guide to biology and
laboratory use. Academic Press, San Diego In E. Harris (ed.),
1989, which are expressly incorporated by reference herein.

Over-expression of the isoamylase gene may be relative to
a wild-type, parent, or unmodified algae. In many cases the
expression of the isoamylase gene as mRNA in the modified
algae is higher than the expression of the isoamylase gene in
the wild-type, parent, or unmodified algae. Isoamylase gene
expression may be quantified by various methods known in
the art. For example, levels of mRNA can be measured by
northern blotting which can provide size and sequence infor-
mation about the mRNA molecules. In northern blot analysis
of'isoamylase expression, a sample of RNA from modified or
unmodified algae is separated on an agarose gel and hybrid-
ized to a labeled RNA sequence of isoamylase. The labeled
isoamylase RNA is then detected and in many cases quanti-
tated. Reverse transcription quantitative polymerase chain
reaction (RT-PCR followed with gPCR) can also be used to
quantitate gene expression levels. RT-PCR first generates a
DNA template from the mRNA by reverse transcription,
which is called cDNA. This cDNA template is then used for
qPCR where the change in fluorescence of a probe changes as
the DNA amplification process progresses. qPCR can provide
information on the number of copies of mRNA per cell and/or
the relative amounts of mRNA in two different cells or cell-
line. Tagging single mRNA molecules with fluorescent bar-
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codes (nanostrings) can also be used. In this technique, fluo-
rescence of a single mRNA molecule can be detected.
Microarrays can also be used to measure mRNA levels.

In some embodiments, modified algae can have a mutated
genomic isoamylase gene. In some embodiments, algae with
a mutated genomic isoamylase gene can be referred to as a
starch mutant or a “starchless” mutant. The disclosed starch
mutants can include various phenotypic changes in starch
content and starch structure. In some embodiments, two
Chlamydomonas reinhardtii starch mutants, sta6 and sta7, are
disclosed. sta6 and sta7 are single gene disruptions that result
in a “starchless” phenotype. In many cases, the starchless
mutant cell is compared with a wild-type cell, for example the
sta7 mutant may be compared with CC124, or some other C.
reinhardtii strain that lacks mutations in starch biosynthesis.

A starchless phenotype can have lower levels of starch
granule accumulation, for example, less than about 30% of
wild-type (unmodified) starch accumulation. In some cases,
starchless mutants accumulate less than about 25%, 20%,
15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%, and/or
greater than about 0%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%,
9%, 10%, 15%, 20%, or 25% of wild-type starch accumula-
tion. Starch assays are well known in the art, and exemplary
assays are described in Example 2, below. Starchless pheno-
types can result from various genetic modifications, include
gene disruption, gene mutation, gene knock-out, coding
sequence mutation, control region mutation, etc. Such meth-
ods are well known to one of skill in the art and can be found
in Lumbreras, V., D. R. Stevens, and S. Purton, 1998, Efficient
foreign gene expression in Chlamydomonas reinhardtii
mediated by an endogenous intron. Plant J. 14:441-447; The
Chlamydomonas Sourcebook, Second Edition, Academic
Press, Oxford; Harris, E. H. (Ed.) 2009; and The Chlamy-
domonas Sourcebook: a comprehensive guide to biology and
laboratory use. Academic Press, San Diego In E. Harris (ed.),
1989, which are expressly incorporated by reference herein.
Genetic mutations include nucleic acid sequence re-arrange-
ments, deletions, insertions, and substitutions.

In some embodiments, the disrupted locus of a starchless
mutant can code for an enzyme. In some cases, the disrupted
locus can allow expression of an enzyme, or the disrupted
locus can code for a mutant enzyme. In embodiments where
enzyme expression can occur, expression of the enzyme cod-
ing sequence may be lower than in the wild-type cell. In some
cases, the starchless mutant may express lower levels of a
starch biosynthetic gene transcript than the wild-type cell, for
example less than about 100%, 90%, 80%, 70%, 60%, 50%,
40%, 30%, 20%, 10%, or 5% of the wild-type expression
level.

In many embodiments, different starchless mutants are
described that may have distinct disruptions and/or distinct
phenotypes. In some cases, the starchless mutant comprises a
disrupted gene involved in carbohydrate biosynthesis, for
example the starchless mutants sta6 and sta7. sta6 and sta7
comprise unique disrupted loci resulting in unique pheno-
types. In sta6, the small, catalytic subunit of ADP-glucose
pyrophosphorylase (AGPase-SS) is disrupted, and this
mutant can accumulate less than 1% of the starch observed in
wild-type cells under conditions of nitrogen deprivation. The
sta7 mutant contains a disrupted isoamylase gene as
described in Posewitz, M. C., S. L. Smolinski, S. Kanakagiri,
A. Melis, M. Seibert, and M. L. Ghirardi. 2004. Hydrogen
photoproduction is attenuated by disruption of an isoamylase
gene in Chlamydomonas rveinhardtii. Plant Cell 16:2151-
2163, which is expressly incorporated herein by reference.

In many cases, a starchless mutant has lowered levels of
starch, but can accumulate a soluble glycogen-like product. In
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some cases, depending on the culturing conditions, sta7 can
contain approximately 10% of the glucose equivalents found
in starch in control strains. In various embodiments, starch-
less mutants can comprise disruptions in various loci. Insome
various different disruptions can be made at the same locus. In
most cases, a disrupted locus results in lowered expression of
a starch biosynthetic gene, or expression of a mutated gene
with lowered activity. Where the starch biosynthetic gene
codes for an enzyme, the mutated enzyme may be less active
than the wild-type enzyme.

In most cases, the modified algae over-expresses isoamy-
lase in a wild-type background. In other cases, the modified
algae can have a mutated isoamylase gene. In some cases the
mutated gene is a disrupted isoamylase gene, in other cases
the gene sequence can be modified by insertions, deletions,
substitutions, or rearrangements in the nucleic acid sequence
of the isoamylase gene. In some embodiments, the isoamy-
lase gene comprises coding and non-coding sequences, for
example untranslated and/or intervening sequences such as
introns. A mutated gene can result in no expression, reduced
expression, or increased expression of the mutated isoamy-
lase gene.

Isoamylase-Complemented Algae

In many embodiments, the disclosed modified algae can
over-express isoamylase. In some embodiments, the modified
algae is a modified wild-type cell comprising additional cop-
ies of an isoamylase gene. In other embodiment, the modified
algae is a wild-type algae with a genomic copy of isoamylase
that is modified to over-express isoamylase. In various
embodiments, the disclosed modified algae comprises one or
more copies of an isoamylase expression cassette or isoamy-
lase expression construct. In many embodiments, modified
algae comprising one or more copies of an isoamylase expres-
sion cassette or isoamylase expression construct over-express
isoamylase. In various embodiments, a modified starchless
mutant is disclosed. In some embodiments, the modified
starchless mutant includes an isoamylase expression con-
struct or expression cassette.

Disclosed isoamylase expression cassettes/constructs can
include control regions and an isoamylase coding region. In
some embodiments, the control regions and coding regions
are from the isoamylase locus of the algae. For example, in
cases where the modified algae is a sta7 mutant of C. rein-
hardtii, the expression construct may comprise the genomic
isoamylase locus of C. reinhardtii. In some embodiments the
isoamylase expression cassette or expression construct com-
prises the genomic sequence of C. reirhardtii isoamylase as
in SEQ ID NO:3. In some cases, the isoamylase expression
cassette or expression construct comprises a seclectable
marker for example, a phleomycin resistance gene. In some
cases, the isoamylase expression cassette or expression con-
struct may include plasmid backbone sequence, for example
from pUC19. The use of a bacterial plasmid backbone may
aid in manipulation, construction, and production of the
isoamylase expression construct. In other embodiments, the
isoamylase expression construct may comprise an isoamy-
lase cDNA and control sequences from other than an algal
isoamylase gene. In many cases, the isoamylase expression
construct or expression cassette produces a mRNA that codes
for a protein with homology to SEQ ID NO:1 and/or has
isoamylase enzyme activity.

In some embodiments, the expression construct may com-
prise an isoamylase coding region from an alga other than the
modified alga, or from a non-alga organism. In some cases,
the expression construct may comprise genomic isoamylase
coding sequences.
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Isoamylase expression constructs/cassettes may reside on
plasmids, or other extrachromosomal nucleic acids, or the
constructs may be integrated into the genome of the modified
algae. In some cases, the construct or cassette is integrated
into a nuclear genome of the genome of a mitochondria or
plastid.

Isoamylase coding regions can be derived from various
sources. In some cases, isoamylase coding regions can code
for an algal isoamylase, an isoamylase homologous to an
algal isoamylase, or a non-algal isoamylase. In most embodi-
ments, the isoamylase coding region codes for a polypeptide
with isoamylase enzymatic activity.

Isoamylase is a carbohydrate de-branching enzyme. In
most embodiments the disclosed isoamylase comprises an
enzyme that catalyzes the hydrolysis of 1,6-a-glycosidic
branch linkages in glycogen and amylopectin. In many cases
isoamylase has an EC number of 3.2.1.68.

In various embodiments, the isoamylase enzyme activity
coded for by the expression construct may be equivalent to the
isoamylase enzyme of an unmodified algae. In other cases,
the enzyme activity of the enzyme coded for by the isoamy-
lase expression construct is greater than the enzyme activity
of'the isoamylase enzyme coded for by the unmodified algae.
In some cases, the modified algae expresses more isoamylase
enzyme than an unmodified strain.

In some cases, the disclosed isoamylase gene sequences
can be homologous or identical to SEQ ID NOs:2 or 3 or
portions thereof, for example more than about 5 nt, 10 nt, 15
nt, 20 nt, 25 nt, 30 nt, 35 nt, 40 nt, 45 nt, 50 nt, 60 nt, 70 nt, 80
nt, 90 nt, 100 nt, 150 nt, 200 nt, 300 nt, 400 nt, 500 nt, or 600
nt, 700nt, 800 nt, 900nt, 1.0knt, 1.1knt, 1.2,nt, 1.3knt, 1.4
knt,1.5knt,1.6knt, 1.7knt, 1.8 knt, 1.9k nt, 2.0k nt, 2.5
knt,3.0knt,45knt,5.5knt,5.5knt, 6.0knt, 6.5knt, 7.0
knt,7.5knt,8.0knt,8.5knt,9.0knt, 9.5knt, 10.0knt, 10.5
knt,11.0knt, 11.5 knt, 12.0 k nt, 12.5 k nt, and/or less than
about 13.0knt, 12.5knt, 12.0knt, 11.5knt, 11.0k nt, 10.5
knt, 10.0knt, 9.5knt,9.0knt, 8.5knt, 8.0knt, 7.5knt, 6.0
knt,5.5knt,5.0knt,45knt,40knt,3.5knt,3.0knt, 2.5
knt,2.0knt,1.9knt, 1.8knt, 1.7knt, 1.6 knt, 1.5knt, 1.4
knt, 1.3knt, 1.2knt, 1.1 knt, 1.0k nt, 900 nt, 800 nt, 700 nt,
600 nt, 500 nt, 400 nt, 300 nt, 200 nt, 150 nt, 90 nt, 80 nt, 70
nt, 60 nt, 55 nt, 50 nt, 45 nt, 40 nt, 35 nt, 30 nt, 25 nt, 20 nt, 15
nt, 10 nt, or 5 nt. In various cases, the homologous sequences
can include deleted nucleotides or inserted nucleotides.

In various cases the homologous nucleotide sequences can
bealigned by a nucleotide sequence alignment algorithm. For
example, blastn for aligning two nucleotide sequences,
wherein the program is optimized for highly similar
sequences (megablast) or for somewhat similar sequences
(blastn; this can be useful where sequences have less than
about 90% identity or the sequences have low complexity). In
various cases the maximum target sequence is set to the
length of the longer of the two sequences to be aligned, the
expected threshold can be 10, the word size can be 28, the
match/mismatch scores can be -1, -2 and the gap costs linear.
In various cases of homology between nucleotide sequences,
homology can be expressed as percent identity.

In some variations the nucleotide sequences, when aligned
with the sequences of SEQ ID NO:2, can have identity of
more than about 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, or 95% and/or less than about 100%,
95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, or
45% identities. In various cases the sequence alignment can
have gaps of less than about 15%, 14%, 13%, 12%, 11%,
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%.
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Modified Algae

Modified algae are described. In various cases the
described mutations can be made in, and nucleic acid
sequences can be introduced into various organisms to create
modified algae. In various embodiments, modified biosyn-
thetic pathway may be introduced into the organism In some
cases, mutants in starch biosynthetic pathways are extant in
various organisms. In some cases, mutations may be made in
an organism by insertional mutagenesis and/or homologous
recombination. In most cases integration into the genome
may be random. In some cases, mutant organisms may be
selected by the use of a selectable marker. In some cases,
nuclear, chloroplast, or plastid genes may be mutated.
Nucleic acid sequences may be introduced into an organism
in a variety of ways, for example chemical transformation,
electroporation, and/or with glass beads, as described in K.
Kindle, High-frequency nuclear transformation of Chlamy-
domonas reinhardtii, PNAS, Vol 87, pp. 1288-1232 (1990),
which is expressly incorporated by reference herein. This
process may be referred to as transformation. In various
cases, the nucleic acid sequences introduced into the organ-
ism can include promoters, un-translated sequences, coding
sequences, or combinations thereof. In many cases these
sequences can be operably linked, for example on an expres-
sion cassette, insertional cassette with a selectable marker.

In various cases, the nucleic acid sequences can be incor-
porated into the genome of the modified algae, or are included
on a plasmid or vector in the modified algae. In some cases,
nucleic acid sequences can be translocated, re-arranged,
deleted, or duplicated within the modified algae. Nucleic acid
sequences that are translocated, re-arranged, deleted, or
duplicated include single derivatised nucleotides, native
nucleotides, single nucleotides, and multiple nucleotides. In
various cases, the disclosed modified algae can further com-
prise native or non-native nucleic acid sequences.

Stably integrated nucleic acid sequences can be passed to
progeny. In various cases, stably integrated nucleic acids can
have selectable markers that can aid in selecting modified
algae. In various cases, selectable markers must be retained
by the progeny. In various cases, a selectable marker can
confer resistance to a drug or chemical, which can retard the
growth of organisms which lack the resistance selectable
marker. In various cases, the selectable marker can be an
antibiotic resistance gene.

Homology Based on Hybridization

In some cases, the inventive nucleotide sequences can
hybridize to the sequences of SEQ ID NOs:2 or 3. Hybrid-
ization can occur under various stringency conditions. Strin-
gency refers to the binding of two single stranded nucleic
acids via complementary base pairing. Extensive guides to
the hybridization of nucleic acids can be found in: Tijssen,
Laboratory Techniques in Biochemistry and Molecular Biol-
ogy-Hybridization with Nucleic Acid Probes Part I, Ch. 2,
“Overview of principles of hybridization and the strategy of
nucleic acid probe assays” (1993), Elsevier, N.Y.; and Sam-
brook et al., Molecular Cloning: A Laboratory Manual (3rd
ed.) Vol. 1-3 (2001), Cold Spring Harbor Laboratory, Cold
Spring Harbor Press, N.Y. The phrases “hybridizing specifi-
cally to”, “specific hybridization”, and “selectively hybridize
t0”, refer to the preferential binding, duplexing, or hybridiz-
ing of a nucleic acid molecule to a particular probe under
stringent conditions. The term “stringent conditions” refers to
hybridization conditions under which a probe will hybridize
preferentially to its target subsequence, and to a lesser extent,
or not at all, to other sequences in a mixed population (e.g., a
DNA preparation from a tissue biopsy). “Stringent hybridiza-
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tion” and “stringent hybridization wash conditions” are
sequence-dependent and are different under different envi-
ronmental parameters.

Generally, highly stringent hybridization and wash condi-
tions are selected to be about 5° C. lower than the thermal
melting point (Tm) for a specific sequence at a defined ionic
strength and pH. The Tm is the temperature at which 50% of
the target sequence hybridizes to a perfectly matched probe.
Very stringent conditions are selected to be equal to the Tm
for a particular probe. Often, a high stringency wash is pre-
ceded by a low stringency wash to remove background probe
signal. An example of stringent hybridization conditions for
hybridization of complementary nucleic acids which have
more than 100 complementary residues on an array is 42° C.
using standard hybridization solutions, with the hybridization
being carried out overnight. An example of highly stringent
wash conditions is a 0.15 M NaCl wash at 72° C. for 15
minutes. An example of stringent wash conditions is a wash in
0.2x Standard Saline Citrate (SSC) buffer at 65° C. for 15
minutes. An example of a medium stringency wash for a
duplex of, for example, more than 100 nucleotides, is 1xSSC
at45° C. for 15 minutes. An example of a low stringency wash
for a duplex of, for example, more than 100 nucleotides, is 4x
to 6xSSC at 40° C. for 15 minutes.

In some cases, the disclosed gene nucleic acid sequences
can bind to C. reinhardtii isoamylase gene sequences with
low stringency.

Form of Nucleotide Sequences

In various cases the homologous nucleotide sequences can
be single-stranded, double stranded, or a combination
thereof. In some variations, the nucleotide sequences can
comprise natural nucleic acids, synthetic nucleic acids, non-
natural nucleic acids, and/or nucleic acid analogs. The nucle-
otide sequences can further comprise other non-nucleic acid
molecules such as amino acids, and other monomers.

In various cases, the nucleic acids of the disclosed nucle-
otide sequences can include nucleotides that are metabolized
in a manner similar to naturally occurring nucleotides. Also
included are nucleic-acid-like structures with synthetic back-
bone analogues including, without limitation, phosphodi-
ester, phosphorothioate, phosphorodithioate, methylphos-
phonate, phosphoramidate, alkyl phosphotriester, sulfamate,
3'-thioacetal, methylene(methylimino), 3'-N-carbamate,
morpholino carbamate, and peptide nucleic acids (PNAs)
(see, e.g.: “Oligonucleotides and Analogues, a Practical
Approach,” edited by F. Eckstein, IRL Press at Oxford Uni-
versity Press (1991); “Antisense Strategies,” Annals of the
New York Academy of Sciences, Volume 600, Eds. Baserga
and Denhardt (NYAS 1992); Milligan (1993) J. Med. Chem.
36:1923-1937; and “Antisense Research and Applications”
(1993, CRC Press)). PNAs contain non-ionic backbones,
such as N-(2-aminoethyl) glycine units. Phosphorothioate
linkages are described in: WO 97/03211; WO 96/39154; and
Mata (1997) Toxicol. Appl. Pharmacol. 144:189-197. Other
synthetic backbones encompassed by this term include
methyl-phosphonate linkages or alternating methyl-phos-
phonate and phosphodiester linkages (Strauss-Soukup
(1997) Biochemistry 36: 8692-8698), and benzyl-phospho-
nate linkages (Samstag (1996) Antisense Nucleic Acid Drug
Dev 6: 153-156).

Expression Control Sequences

In various cases the disclosed gene nucleotide sequences
can comprise control sequences having transcriptional regu-
latory activity. Control sequences with transcriptional regu-
latory activity can include sequences that can affect transcrip-
tion or expression of a nearby or distal transcribed sequences.
In various cases, the disclosed control sequences can enhance
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or suppress transcription from nearby or distal genes and
coding sequences. In various cases, specific sequences can be
used to enhance and/or suppress transcription from a nearby
gene. In various cases, these nucleic acid sequences can pro-
vide binding or recognition sequences for proteins and
enzymes involved in transcription, for example TATA binding
protein, RNA polymerase (I, I, or III) and DNA binding
proteins, such as transcription factors. Disclosed nucleotide
sequences can comprise core promoter sites, transcription
initiation sites, proximal promoter sites, or distal promoter
sites.

In various cases, control activity of a nucleotide sequence
can be tested by the use of a coding sequence operatively
connected to the nucleotide sequence. In various cases the
coding sequence can be a reporter gene. In various cases the
reporter can be screenable or selectable. Selectable reporters
can be required for survival in certain media, for example in
the presence of an antibiotic. Screenable reporters can be
observed visually, or easily assayed.

In various cases, less than the entire control region can be
used to regulate transcriptional expression of a nearby gene.
In various cases portions of the disclosed control regions
ranging from less than about 700 nt (nucleotides), 600 nt, S00
nt, 400 nt, 300 nt, 200 nt, 100 nt, 90 nt, 80 nt, 70 nt, 60 nt, 50
nt or 40 nt, and/or in various cases more than about 50 nt, 60
nt, 70 nt, 80 nt, 90 nt, 100 nt, 200 nt, 300 nt, 400 nt, 500 nt, or
600 nt can aid in regulating gene expression. In various cases
the described control sequence can be a contiguous sequence.
In other cases non-contiguous portions of a control sequence
can be connected, and internal portions removed. In various
cases portions of a control sequence can be inverted relative to
their native orientation. In various cases the control sequences
can have internal nucleotides removed. In other cases, nucle-
otides can be added, or deleted, or the identity of a nucleotide
changed.

The disclosed control regions can comprise nucleotide
sequence from more than one control region. In various cases
the multiple control regions can be operably linked. In various
cases the operably linked control regions can be in the same
orientation, for example a direct repeat. In other cases, the
control regions can be oriented in opposite directions.

The disclosed expression control sequences can comprise
control regions can be used with promoters, enhancers, and
other genetic regulatory elements from different control
regions.

In various cases, portions of the expression control
sequences can have transcriptional promoter activity. In these
cases, the control regions can initiate transcription of an oper-
ably linked nucleic acid sequence, in various cases the linked
nucleic acid is a coding sequence, gene, or non-coding
sequence. In some variations, transcription can initiate within
the control sequence, in other cases, transcription initiates at
an operably linked nucleic acid sequence. In various cases,
the coding sequence can code for an N-terminal methionine
of an operably linked coding sequence.

Isoamylase Expression Constructs/Cassettes

In various cases, the disclosed isoamylase gene nucleotide
sequences can be operably linked to a control sequence.
Operable linking of nucleic acid sequences can include where
a nucleic acid is placed into a functional relationship with
another nucleic acid sequence. In various cases operably link-
ing two or more nucleic acid sequences can form an expres-
sion construct or cassette. An expression construct or expres-
sion cassette can comprise one or more coding sequences and
control sequences that regulate expression of the coding
sequence. In various cases, the control sequence can be a
promoter sequence, and the coding sequence can comprise
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untranslated sequence or region that can further comprise a
polyadenylation site. In various cases, the expression cassette
can be contained on a plasmid or vector. In various cases,
expression cassettes further comprise nucleic acid sequences
allow for selection or retention of the cassette within the
organism. In various cases, an expression construct can
include transcriptional and translational regulatory nucleic
acid sequences and nucleic acid sequences encoding a
polypeptide. In some variations, the transcriptional and trans-
lational regulatory sequences can include promoter
sequences, ribosomal binding sites, transcriptional start and
stop sequences, translational start and stop sequences, and
enhancer or activator sequences.

In various cases, the expression constructs can be incorpo-
rated into a genome of a cell, or can be an unincorporated
plasmid or vector. In various cases, a plasmid or vector intro-
duced into a cell can later become incorporated into the cell’s
genome. In various cases, genome can refer to nucleic acids
including coding, non-coding, and regulatory sequences in
linear or circular form. In various cases a genome can be one
or several chromosomes. In various cases a genome can
reside in the cytoplasm, nucleus, or organelles such as mito-
chondria, plastids, and chloroplasts.

In some cases, the disclosed isoamylase gene sequences
can be operably linked to heterologous control regions. In
some cases control regions operatively linked to an isoamy-
lase coding region can result in more or less expression of
isoamylase than the native isoamylase control sequence. In
some cases, the control/promoter region can result in the
isoamylase gene being expressed in response to specific
stimuli.

Disclosed herein are polypeptides with isoamylase activ-
ity. In some cases, the polypeptides may be or have homology
to isoamylase from Chlamydomonas reinhardtii. The amino
acid sequence of Chlamydomonas reinhardtii isoamylase is
at SEQ ID NO:1. An isoamylase enzyme, as used herein, has
an activity defined as EC 3.2.1.68.

Polypeptides disclosed herein can include amino acid
sequences that are identical to the amino acid sequence of
Chlamydomonas reinhardtii isoamylase. In other cases, the
claimed isoamylase polypeptides include amino acid
sequences that can comprise conservative amino acid substi-
tutions as compared to the disclosed Chlamydomonas rein-
hardtii isoamylase sequence. Conservative amino acid sub-
stitutions can include amino acids that share characteristics
with the substituted amino acid. In various cases, substitution
can be made without significant change in the structure or
function of the polypeptide.

Conservative amino acid substitutions can be made on the
basis of relative similarity of side-chain size, charge, hydro-
phobicity, hydrophilicity, etc. In various cases, substitutions
can be assayed for their effect on the function of the protein by
routine testing. Conserved amino acid substitutions include
amino acids with similar hydrophilicity value, as wherein
amino acids have a hydropathic index which can be based
upon an amino acid’s hydrophobicity and charge. In various
cases, conserved amino acid substitutions can be made
between amino acids ofthe same class, for example non-polar
amino acids, acidic amino acids, basic amino acids, and neu-
tral amino acids. Conservative substitutions can also be based
upon size or volume. Amino acids can also be classified based
upon their ability to form or break a given structure, such as an
alpha helix, beta sheet, or intra- or inter-molecular interac-
tion. In various cases conservative amino acid substitutions
are based upon more than one characteristic.

Currently disclosed polypeptides can include both natural
and non-natural amino acids. In various cases, natural amino
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acid side chains can be substituted with non-natural side
chains. In various cases, amino acids can be derivatised.

The disclosed polypeptides include polypeptides that are
homologous to the sequence of Chlamydomonas reinhardtii
isoamylase. Homology can be expressed as % identity or %
similar or % positive. In various cases, % identity is a per-
centage of amino acids that are identical between two aligned
polypeptides, and % similar or % positive is a percentage of
amino acids that are non-identical but represent conservative
substitutions; for example, lysine to arginine can be consid-
ered a conservative substitution where charge is considered.

In various cases, two polypeptides can be aligned by algo-
rithms, for example BLASTp. In various cases, the BLASTp
perameters can be set with a maximum target sequence length
equal to, greater, or less than the length of the longer of the
two polypeptides, the expect threshold can be set to 10, the
word size to 3, and scoring matrix can be BLOSUMG62, with
gap costs of 11 for existence and 1 for extension. BLASTp
can report homology of aligned polypeptides as “Identities”
and “Positives.” The aligned sequences can include gaps to
achieve the alignment.

In various cases, homology of amino acid sequences can
reflect the percentage of identity or positives when optimally
aligned as described above. In various cases, the % homology
(% positive) or % identity can be calculated by dividing the
number of aligned amino acids within a comparison window.
A comparison window can be the entire length of one or the
other polypeptides, if the two polypeptides are of unequal
length. In other cases, the comparison window can be a por-
tion of one of the polypeptides. In various cases the compari-
son window for measuring homology or identity of two
polypeptide sequences is greater than about 40 aa (amino
acids), 45 aa, 50 aa, 55 aa, 60 aa, 65 aa, 70 aa, 75 aa, 80 aa, 85
aa, 90 aa, 95 aa, 100 aa, 150 aa, or 200 aa, and/or less than
about 200 aa, 150 aa, 100 aa, 95 aa, 90 aa, 85 aa, 80 aa, 75 aa,
70 aa, 65 aa, 60 aa, 55 aa, 50 aa, or 45 aa.

In various cases, the claimed amino acid sequences can
have % identity or % homology (% positive) over a given
comparison window, that is greater than about 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% and/or less than about 100%, 99%,
98%, 97%., 96%, 95%, 94%, 93%, 92%, 91%, 90%, 85%,
80%, 75%, or 70%.

In various cases, a sequence alignment can be performed
using various algorithms, including dynamic, local, and glo-
bal alignment. For example, the algorithm of Smith and
Waterman, 1981, Adv. Appl. Math 2: 482; the alignment
algorithm of Needleman and Wunsch, 1970, J. Mol. Biol.
48:443; the similarity method of Pearson and Lipman, 1988,
Proc. Natl. Acad. Sci. USA 85: 2444. In various cases, com-
puter programs can implement these algorithms (such as
EMBOSS, GAP, BESTFIT, FASTA, TFASTA BLAST, BLO-
SUM, etc.).

In alternative cases, conserved amino acid substitutions
can be made where an amino acid residue is substituted for
another in the same class, where the amino acids are divided
into non-polar, acidic, basic and neutral classes, as follows:
non-polar: Ala, Val, Leu, Ile, Phe, Trp, Pro, Met; acidic: Asp,
Glu; basic: Lys, Arg, His; neutral: Gly, Ser, Thr, Cys, Asn,
Gln, Tyr.

In some cases, conserved amino acid substitutions can be
made where an amino acid residue is substituted for another
having a similar hydrophilicity value (e.g., within a value of
plus or minus 2.0), where the following can be an amino acid
having a hydropathic index ofabout —1.6 such as Tyr (-1.3) or
Pro (~1.6)s are assigned to amino acid residues: Arg (+3; 0);
Lys (+3.0); Asp (+3.0); Glu (+3.0); Ser (+0.3); Asn (+0.2);
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Gin (40.2); Gly (O); Pro (-0.5); Thr (-0.4); Ala (-0.5); His
(=0.5); Cys (-1.0); Met (-1.3); Val (-1.5); Leu (-1.8); Ile
(-1.8); Tyr (-2.3); Phe (-2.5); and Trp (-3.4).

In alternative cases, conserved amino acid substitutions
can be made where an amino acid residue is substituted for
another having a similar hydropathic index (e.g., within a
value of plus or minus 2.0). In such cases, each amino acid
residue can be assigned a hydropathic index on the basis of'its
hydrophobicity and charge characteristics, as follows: lie
(+4.5); Val (+4.2); Leu (+3.8); Phe (+2.8); Cys (+2.5); Met
(+1.9); Ala (+1.8); Gly (=0.4); Thr (-0.7); Ser (-0.8); Trp
(=0.9); Tyr (-1.3); Pro (~1.6); His (-3.2); Glu (-3.5); Gln
(=3.5); Asp (=3.5); Asn (=3.5); Lys (-3.9); and Arg (-4.5).

In alternative cases, conservative amino acid changes
include changes based on considerations of hydrophilicity or
hydrophobicity, size or volume, or charge. Amino acids can
be generally characterized as hydrophobic or hydrophilic,
depending primarily on the properties of the amino acid side
chain. A hydrophobic amino acid exhibits a hydrophobicity
of greater than zero, and a hydrophilic amino acid exhibits a
hydrophilicity of less than zero, based on the normalized
consensus hydrophobicity scale of Eisenberg et al. (J. Mol.
Bio. 179:125-142, 184). Genetically encoded hydrophobic
amino acids include Gly, Ala, Phe, Val, Leu, lie, Pro, Met and
Trp, and genetically encoded hydrophilic amino acids include
Thr, His, Glu, Gln, Asp, Arg, Ser, and Lys. Non-genetically
encoded hydrophobic amino acids include t-butylalanine,
while non-genetically encoded hydrophilic amino acids
include citrulline and homocysteine.

Hydrophobic or hydrophilic amino acids can be further
subdivided based on the characteristics of their side chains.
For example, an aromatic amino acid is a hydrophobic amino
acid with a side chain containing at least one aromatic or
heteroaromatic ring, which can contain one or more substitu-
ents such as —OH, —SH, —CN, —F, —Cl, —Br, —1,
—NO2,—NO, —NH2, —NHR, —NRR, —C(O)R, —C(O)
OH, —C(O)OR, —C(O)NH2, —C(O)NHR, —C(O)NRR,
etc., where R is independently (C1-C6) alkyl, substituted
(C1-C6) alkyl, (C0-C6) alkenyl, substituted (C1-C6) alkenyl,
(C1-C6) alkynyl, substituted (C0-C6) alkynyl, (C5-C20) aryl,
substituted (C0-C20) aryl, (C6-C26) alkaryl, substituted (C6-
C26) alkaryl, 5-20 membered heteroaryl, substituted 5-20
membered heteroaryl, 6-26 membered alkheteroaryl or sub-
stituted 6-26 membered alkheteroaryl. Genetically encoded
aromatic amino acids include Phe, Tyr, and Tryp.

An apolar amino acid is a hydrophobic amino acid with a
side chain that is uncharged at physiological pH and which
has bonds in which a pair of electrons shared in common by
two atoms is generally held equally by each of the two atoms
(i.e., the side chain is not polar). Genetically encoded apolar
amino acids include Gly, Leu, Val, Ile, Ala, and Met. Apolar
amino acids can be further subdivided to include aliphatic
amino acids, which is a hydrophobic amino acid having an
aliphatic hydrocarbon side chain. Genetically encoded ali-
phatic amino acids include Ala, Leu, Val, and Ile.

A polar amino acid is a hydrophilic amino acid with a side
chain that is uncharged at physiological pH, but which has
one bond in which the pair of electrons shared in common by
two atoms is held more closely by one of the atoms. Geneti-
cally encoded polar amino acids include Ser, Thr, Asn, and
Gln.

An acidic amino acid is a hydrophilic amino acid with a
side chain pKa value of less than 7. Acidic amino acids
typically have negatively charged side chains at physiological
pH due to loss of a hydrogen ion. Genetically encoded acidic
amino acids include Asp and Glu. A basic amino acid is a
hydrophilic amino acid with a side chain pKa value of greater
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than 7. Basic amino acids typically have positively charged
side chains at physiological pH due to association with hydro-
nium ion. Genetically encoded basic amino acids include
Arg, Lys, and His.

A % amino acid sequence identity value is determined by
the number of matching identical residues divided by the total
number of residues of the “longer” sequence in the compari-
son window. The “longer” sequence is the one having the
most actual residues in the comparison window (gaps intro-
duced by WU-Blast-2 to maximize the alignment score are
ignored).

The alignment can include the introduction of gaps in the
sequences to be aligned. In addition, for sequences which
contain either more or fewer amino acids than the protein
encoded by the sequence the disclosed polypeptide, it is
understood that in one case, the percentage of sequence iden-
tity will be determined based on the number of identical
amino acids in relation to the total number of amino acids. In
percent identity calculations relative weight is not assigned to
various manifestations of sequence variation, such as, inser-
tions, deletions, substitutions, etc.

In one case, only identities are scored positively (+1) and
all forms of sequence variation including gaps are assigned a
value of “0”, which obviates the need for a weighted scale or
parameters as described below for sequence similarity calcu-
lations. Percent sequence identity can be calculated, for
example, by dividing the number of matching identical resi-
dues by the total number of residues of the “shorter” sequence
in the aligned region and multiplying by 100. The “longer”
sequence is the one having the most actual residues in the
aligned region.

Coding Sequences

In various cases, nucleotide sequences encoding the
isoamylase polypeptide sequences of SEQ ID NOS:1 are
included. These nucleotide coding sequences can be trans-
lated into a polypeptide having an amino acid sequence iden-
tical to the disclosed polypeptide sequence. The inventive
coding sequences can further comprise untranslated
sequences, for example poly-adenylation sequences. The
inventive coding sequences can also comprise intron or inter-
vening, non-translated, sequence that are spliced out of a
transcribed mRNA prior to translation. In various cases the
transcribed mRNA can be capped with a terminal 7-meth-
ylguanosine.

In some variations, due to the degeneracy of the genetic
code, multiple nucleotide coding sequences can encode the
same polypeptide sequence. These inventive nucleic acid
coding sequences can also be homologous to nucleotide
sequences that encode the disclosed polypeptides. The nucle-
otide coding sequences can be aligned by BLASTn, as
described above. In various cases the homology (or identities
in BLASTn) of these aligned nucleotide sequences can be
greater than about 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, or 95% and/or less than about 100%,
95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, or
45%. In various cases, the homologous aligned sequences can
be less than about 700 nt, 600 nt, 500 nt, 400 nt, 300 nt, 200
nt, 100 nt, 90 nt, 80 nt, 70 nt, 60 nt, 50 nt or 40 nt, and/or more
than about 50 nt, 60 nt, 70 nt, 80 nt, 90 nt, 100 nt, 200 nt, 300
nt, 400 nt, 500 nt, or 600 nt.

In various cases, the coding sequence directs transcription
of a ribonucleic acid sequence that can be translated into
amino acid sequence according to the standard genetic code.
Invarious cases, the code can include variations to the canoni-
cal code. In some variations, the coding sequence can include
introns, or intervening sequences that do not code for amino
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acids, but can be transcribed and later removed before the
ribonucleic acid is translated into a polypeptide.
Sequences Related to Lipid and Starch Biosynthesis.

The disclosed organisms, nucleic acid sequences, amino
acid sequences, and methods can be used to increase lipid or
starch biosynthesis. In various cases, lipid biosynthesis can
include lipid metabolism, such as synthesis of fatty acids,
assembly of triacylglycerides, and activation of lipids. In
various cases the disclosed nucleic acid sequences and amino
acid sequences are related to lipid metabolic pathway genes,
fatty acids biosynthetic genes, triacylglycerides assembly
genes, lipid activation genes, and genes that can regulate
transcription and translation of these genes, as well as pro-
teins that regulate these genes and proteins that regulate the
enzymes in these pathways.

In various cases, starch biosynthesis can include starch
metabolism, such as the synthesis of carbohydrates, and
assembly, branching, de-branching, and modification of
polysaccharides. In various cases the disclosed organisms,
nucleic acid sequences, and amino acid sequences are related
to starch metabolic pathway genes, proteins, and enzymes,
and genes and proteins that can regulate transcription and
translation of these genes, as well as proteins that regulate
these genes and proteins that regulate the enzymes in these
pathways.

In some embodiments, starch biosynthetic genes include
isoamylase, the large and small subunits of ADP-glucose
pyrophosphoryase, starch synthase, branching, and
de-branching enzymes, for example isoamylase.

Growth of Inventive Organisms

In some cases, for example where the organism is a plant,
the inventive organism may be grown in various environ-
ments, for example in soil. In various cases, the described
organisms can be grown in a liquid environment, for example
where the organism is an alga. In various cases the liquid is a
culture medium. In various cases the culture medium is a
defined medium. Other liquid medium include fresh water,
salt water, waste water, and treated water. In various cases,
nutrients and other substances can be added to the liquid
medium. In various cases antibiotics are added to the water.

As disclosed herein, accumulation of bioenergy carriers
was assessed in two starchless mutants of Chlamydomonas
reinhardtii, stab (ADP-glucose pyrophosphoryase small sub-
unit) and sta7 (isoamylase), a control strain (CC124), and two
complemented strains of sta7.

In some cases, genetic blockage of starch synthesis in sta6
and sta7 increases the accumulation of lipids on a cellular
basis during nitrogen deprivation relative to the CC124 con-
trol. In some cases, lipid accumulation can be between 2- and
4-fold greater, respectively, compared to wild-type cells. In
some cases, lipid accumulation can be determined by conver-
sion to fatty acid methyl esters. In most cases, however,
increased lipid accumulation can not be energetically offset
by the loss of cellular starch that is synthesized by CC124
during nitrogen deprivation. In some cases, acetate utilization
and O, evolution can be assayed to obtain further insights into
the physiological adjustments utilized by the two starchless
mutants in the absence of starch synthesis.

In some cases, sta6 and sta7 metabolize less acetate and
have more severely attenuated levels of photosynthetic O,
evolution relative to CC124. In some cases, these decreases
can indicate an overall decrease in anabolic processes is a
physiological response to nitrogen deprivation in sta6 and
sta7.

Lipid and starch metabolism was also investigated in two
independent sta7:STA7 complements. In various embodi-
ments, sta7 complemented strains can accumulate more cel-
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Iular starch and lipid relative to CC124 during acclimation to
nitrogen deprivation. In some embodiments, complemented
sta7 strains can synthesize significant quantities of starch
even when cultured in nutrient-replete medium.

In many embodiments, sta6 and sta7 can accumulate more
lipid relative to the CC124 control during nitrogen depriva-
tion. In some cases, nitrogen stress can increase lipid accu-
mulatin in sta6.

In some embodiments, a sta7, isoamylase mutant, can
increase cellular lipid accumulation relative to both a control
strain and sta6. In some cases, increased lipid accumumaltion
can not compensate for loss of starch synthesis, from an
energetic perspective. In some cases, starchless mutants have
diminished O, evolution and acetate utilization during nitro-
gen stress.

In some embodiments, complementation of starch mutants
with a wild-type starch gene can result in increased size as
well as increased lipid and starch accumulation. For example,
complementation of sta7 with genomic DNA encoding the
wild-type isoamylase can result in cells that were larger than
sta6, sta7, and CC124, accumulate high levels of lipid during
nitrogen deprivation, and accumulate high levels of starch
even in nutrient-replete medium.

In some embodiments, sta6 and sta7 can impede starch
synthesis at different points on the biosynthetic pathway.

In various embodiments, acclimation mechanisms result-
ing from starchless mutants, can include several metabolic
outcomes, for example partitioning of carbon precursors nor-
mally used for starch synthesis to lipid biosynthetic path-
ways, attenuation of cellular anabolic processes (e.g. photo-
synthesis, utilization of available nutrients, and carbon
storage product synthesis and accumulation), and secretion of
soluble sugars. In some cases, starchless mutants can not
secrete soluble sugars, or evidence of secretion can not be
detected. In the case of sta6 and sta7 mutants, both partition-
ing and attenuation were observed during nitrogen depriva-
tion. In some cases, the greatest level of starch and lipid
accumulation can occur during nitrogen deprivation.

In many cases, starchless mutants can show increased lipid
accumulation on a cellular basis, for example sta6 and sta7
have increased lipid accumulation relative to CC124 during
nitrogen deprivation. In some cases, lipid-derived FAMEs
can be approximately 2 and 4 fold greater in sta6 and sta7,
respectively, relative to CC124. In some cases, this increase
can be lower when measured as a function of culture volume
(~1.5 to 2 fold, respectively), because CC124 cells can con-
tinue to undergo limited cell division during the first 24 h of
acclimation to nitrogen stress.

In some cases, starchless mutants can also acclimate to
nitrogen stress through a decrease in overall anabolic pro-
cesses. In some cases, decreases in anabolic process can
bereflected by decreased levels of photosynthetic O, evolu-
tion and acetate utilization relative to CC124. For example,
sta6 and sta7 can use less acetate, relative to CC124, and
exhibit decreased levels of O,-evolution activity. In some
cases, sta6 had lower acetate uptake and O, evolution relative
to CC124, even when standardized to chlorophyll.

In some embodiments, F /F,, parameters can be higher for
the starchless mutants after several days of nitrogen depriva-
tion. In some cases, pigmentation can be lost faster in the
starchless mutants relative to CC124 on agar plates. In some
cases, initial lowering of F /F,, under nitrogen deplete condi-
tions can be a consequence of increases of F_, the baseline
level fluorescence prior to PSII charge separation. In many
embodiments, F, can first increase, which may be due to the
dissociation of PSII antenna complexes from the reaction
center. Subsequent decreases can occur as the cells lose pig-
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mentation under nitrogen-depleted conditions. For example,
this can be seen in CC124, while sta6 and sta7 show a more
gradual decline in F,.

In some embodiments, sta7, under certain conditions, can
accumulate greater amounts of cellular lipid than sta6.
Increased levels of lipid accumulation have also been
observed in a starchless mutant of the alga Chlorella pyrenoi-
dosa. In some cases, light intensities during acclimation to
nitrogen deprivation can affect reports a 10-fold increase in
triacylglycerol (TAG) content relative to the control strain,
CC1690. In some case, light intensity may be about 50
pmoles m~2 s™'PAR constant illumination, or greater, for
example about 2x greater, about 3x greater, about 4x greater,
about 5x greater, or greater than 5x.

In some cases, increased lipid accumulation may be
reflected in increased percentage of TAG, rather than an
increase in total lipid. In some cases, increased TAG percent-
age can be measured as a function of dry weight, and
increases in TAG percentage may result from increased TAG
synthesis and/or the loss of carbohydrate mass.

In various embodiments, starchless mutants can be
complemented, for example by transforming mutants with
wild-type copies of the mutant gene. In many embodiments,
complemented starchless mutants can be complemented with
genomic DNA encoding the WT STA7 gene. In some
embodiments, complemented starchless mutants can have
cell different morphology, starch synthesis, and lipid accu-
mulation relative to CC124 and sta7.

In some embodiments, complemented starchless mutants
can accumulate levels of cellular starch in nutrient-replete
medium that approach or equal cellular starch levels achieved
in nitrogen-deprived CC124 cells.

In some embodiments, complemented starchless mutants
can be larger than non-complemented and wild-type cells. In
some embodiments complemented cells can divide, or double
more slowly than non-complemented or wild-type cells. In
some embodiments, complemented cells can accumulate
more lipid on a cellular basis than the other cells.

In some cases, complementation may cause disregulation
of' starch biosynthetic genes, for example isoamylase disregu-
lation can result from the enzyme, which is typically part of'a
larger protein complex, being outside its proper complex/
context, and/or enzyme levels have been perturbed resulting
in increased starch synthesis.

In some cases, during nitrogen stress, complemented
starchless mutants may accumulate more starch than wild-
type cells. In some cases, complemented starchless mutants
may accumulate about 2-fold, 3-fold, 4-fold, 5-fold, 6-fold,
7-fold, 8-fold, 9-fold, 10-fold, or more starch than wild-type
cells. For example, complemented sta7 mutants can accumu-
late approximately 2-fold more starch than CC124 on a cel-
Iular basis. In some cases, for example during nitrogen-dep-
rivation, during which complemented starchless mutants may
divide very slowly, the increased starch content can be less
pronounced on a culture volume basis relative to wild type
cells.

In many embodiments, complemented starchless mutant
strains can also accumulation greater quantities of lipid, on
both a cellular basis and a culture-volume basis, than non-
complemented and wild-type strains. In some cases, lipid
accumulation can result from larger cells having larger vol-
ume for accumulation and/or more membrane that can be
converted into FAMEs. In many cases, increased lipid and
starch accumulation in complemented starchless strains may
coincide with increased acetate utilization and oxygenic pho-
tosynthesis.
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In many cases, complemented starchless mutant cells do
not exhibit wild-type phenotype. In some cases, an increase in
the synthesis of a primary bioenergy carrier can occur can
occur because constituents used for cell division, for example
proteins and nucleic acids, are not synthesized. In various
embodiments, increases in starch content in complemented
starchless mutant strains, during nutrient-replete culturing,
can occur with decreased growth rates and increased cell size.

In some embodiments, complemented starchless strains
can enter stationary phase earlier than the other strains. In
some embodiments, complemented starchless mutants may
accumulate starch primarily between 28 and 96 h of culturing
in nutrient-replete medium. In some cases, nutrients may be
limited between 28 and 96 h, resulting in a stress response.

In some embodiments, typical stress response can not
involve accumulation of lipid bodies, for example, lipid body
accumulation can not be observed at the end of 96 h in the
complemented sta7 strains cultured in TAP (FIG. 4).

EXAMPLES

The following non-limiting examples illustrate aspects of
the disclosure. Examples are provided below to illustrate the
present compounds, surfaces, and methods of using the same.
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sta6 (330) and sta7 (CC425) are auxotrophic for arginine,
which could be used as a cellular nitrogen/carbon source. The
growth curves and cell diameter data shown in FIG. 1 and
Table I, respectively, show several distinguishing features. In
nitrogen-replete medium, significantly different final cell
densities are achieved with sta6>CCl124>sta7>c5>c19.
Although the highest cell concentrations measure here were
attained in sta6, this strain has the smallest average cell diam-
eter (5.6 um). In contrast, the ¢5 (6.3 pm) and ¢19 (6.9 pm)
complemented strains showed the largest average cell diam-
eter but achieved the lowest cell densities. Intermediate cell
diameters and final cell counts were observed for CC124 (5.9
um) and sta7 (6.0 pum). The average cell diameters for each
strain remained relatively stable for the entire 96 h culturing
period in nitrogen-replete medium, with the exception of the
c5 and c19 strains, which entered stationary phase prior to the
other strains and became noticeably larger at the end of the 96
h culturing period (Table I). Additionally, results in TAP
medium indicated that decreased rates of cell division are
correlated with larger average cell diameters.

TABLE 1

Average cell sizes for CC124, sta6, sta7, ¢5, and ¢19 cultured

in TAP or TAP-N media.”

0hr 96 hr
Total Cellular Total Cellular
Volume Volume
Cell Diameter (nl/ml Cell Diameter (n/ml
(pm) culture) N (um) culture) N
N+ CC124 5931 0.238£0.05 6,524 5.75+1.07 2.349 £0.2 106,695
sta6 5.55 £0.67 0.155£0.06 9,390  5.49 +0.68 2.402 £0.56 107,748
sta7 6.02 =0.87 0.181 £0.09 4,657 6.12+0.93 1.667 £0.1 42,933
c5 6.23 £0.93 0.209 £0.04 6,352 658 +0.85 1.908 £ 0.44 60,708
c19 6.75 £1.09 0272011 6226 6.92=1.04 1.652 £0.41 44,173
N- CC124 5.22+0.73 0.213+£0.05 9,172 7.25+1.18 0.755 £ 0.16 17,157
sta6 491 £0.74 0.114£0.04 5451 597=08 0.413 £0.16 43,649
sta7 5.65 £ 0.88 0.147 £0.09 4374 649 =0.82 0.457 £0.19 40,533
c5 6.29 £0.92 0.179 £ 0.1 3906  7.52+099 0.403 £0.2 10,019
c19 6.36 +1.07 0.156 £0.08 3,296 7.45+1.08 0.328 0.2 7,953

N cells were assessed with a Z2 ™ Coulter Counter ® Cell and Particle Counter at resuspension (0 h) and after 96 h in TAP
and TAP-N media. Cell diameter data is reported as the mean value + the standard deviation of the normal distribution of cell
diameters, which is representative of the distribution of cell sizes in each culture. Cell diameter data represents a minimum
of at least four independent biological replicates.

These examples are not meant to constrain the present inven-
tion to any particular application, mechanism, mode, or
theory of operation.

Example 1

Distinct Growth Rates and Cell Sizes in the
Starchless Mutants and Complemented Strains

To examine the unique physiological acclimation mecha-
nisms used in the absence of starch synthesis, the control
strain (CC124), the starchless mutants (sta6 and sta7), and
two sta7 complemented strains (sta7:STA7),c5and c19, were
pre-cultured to late-log phase in TAP medium. Cultures were
then centrifuged and resuspended in either TAP or TAP-N
medium at standardized cell numbers (~2.0-2.5x10° cells/
ml). CC124 was used as a control since the parental strains of
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Strains and Culturing Conditions.

CC124 was obtained from the Chlamydomonas Center,
sta6 (BAFJS), sta7-10 (sta7 hereafter) in the CC425 back-
ground were previously isolated. The ¢5 and ¢19 comple-
mented strains were isolated by transformation of the sta7-10
mutant with a genomic DNA segment (BamHI/Kpnl frag-
ment) encoding the WT STA7 gene, cloned into pSP124S.

Cultures were grown to late-log phase in nitrogen-replete
Tris-Acetate-Phosphate (TAP) liquid medium and resus-
pended at 2.0-2.5x10° cells/ml in parallel in nitrogen-replete
TAP or nitrogen-depleted TAP (TAP-N) media, in which
NH,Cl was omitted. Cells were grown under 50 pmoles m™—2
s~ PAR constant illumination on an orbital shaker. Samples
for analysis were taken immediately after resuspension (0 h)
and after 22, 48, 72, and 96 h. Cell counts and cell sizes were
assessed using a Z2™ Coulter Counter® Cell and Particle
Counter (Beckman-Coulter, Brea, Calif)). Cells were
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assumed to be spherical for diameter calculations, and back-
ground and cellular debris were excluded in all cellular count,
volume, and diameter assessments.

In nitrogen-depleted medium, an increase in cell density
was observed only for CC124 (~1.7 fold increase). None of
the cell wall-less strains (sta6, sta7, c5, and ¢19) showed any
significant change in cell number, indicating an arrest of cell
division in these strains in nitrogen depleted-medium during
the assay (FIG. 1B). In contrast to culturing in nutrient-re-
plete medium, the average cell diameters increased for each
strain during nitrogen stress. After 96 h of culturing in TAP-N,
the largest cell diameters were observed for ¢5 (7.5 um) and
c19 (7.5 pm), followed by CC124 (7.3 um), sta7 (6.5 um) and
sta6 (6.0 um), respectively. Each strain exhibited an increase
in average cell diameter during acclimation to nitrogen dep-
rivation (Table I). This increase is suggestive of an increase in
cellular carbon product accumulation. It should be noted that
all cultures contained a distribution of cell sizes for both
culturing conditions, the majority of which were within 1.0
um of the average cell diameter (Table I). The differential
growth rates and average cell diameters observed in each of
the strains were consistent with significant cellular metabolic
perturbations as a result of abolishing (or complementing)
starch synthesis, and the accumulation of distinct intracellu-
lar carbon storage products.

Example 2

Excess Starch Accumulation in the sta7
Complemented Strains

To assess whether the observed differences in growth rates
and cell size could be correlated with the accumulation of
starch and lipid, we first measured the levels of starch-derived
glucose after treatment with amyloglucosidase (FIG. 2). In
TAP medium, CC124 cells contained 4.5+1.0 ug starch/10°
cells, measured as glucose equivalents; whereas, after four
days in nitrogen-depleted medium, an approximately 10-fold
cellular increase to 42.8+5.8 g starch/10° cells was
observed. Both sta6 and sta7 mutant cells contained severely
attenuated levels of starch. Glucose levels were below detec-
tion in sta6, while sta7 cells contained 1.3x0.2 ug starch/10°
cells in TAP and 3.820.7 ug starch/10° cells after four days in
TAP-N medium. Remarkably, after 96 h in nutrient-replete
medium, the ¢5 and ¢19 complemented strains had 31.6+7.1
ug starch/10° cells and 43.07.5 ug starch/10° cells, respec-
tively—cellular levels that approach those observed in
CC124 only after culturing in nitrogen-depleted medium. In
fact, as shown in FIG. 2B, the highest yields of starch on a
culture volume basis were attained in nitrogen-replete cul-
tures of ¢5 and ¢9, with yields exceeding 350 mg/1 after four
days in cultures inoculated at 2.5x10° cells/ml. These data
indicate that complementation of the sta7 mutant with a func-
tional copy of the isoamylase enzyme significantly altered
starch accumulation, and that despite transformation with a
genomic copy of the STA7 gene containing native 5' and 3'
UTRs and promoters, enzyme activity occurred outside of the
native context resulting in modulated starch accumulation.

Starch Assays.

Cellular glucose levels contained in starch were deter-
mined using amyloglucosidase digestion and the Sigma Glu-
cose (HK) Assay Kit (Sigma-Aldrich, St. Louis, Mo.) accord-
ing to the manufacturer’s instructions. Cells were
concentrated by centrifugation of 10 ml culture at 3600 g for
10 min. The supernatant was discarded, and cells were frozen
at-80° C. Samples were then resuspended in 100 mM sodium
acetate, pH 4.5, autoclaved to solubilize starch and then
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digested with amyloglucosidase overnight at 60° C. to liber-
ate glucose. To visually assess starch content in colonies on
agar plates, iodine vapor staining was performed by placing
solid 1, pellets on the surface of agar plates to initiate subli-
mation.

Example 3

Increased Cellular Lipid Levels in sta6, sta7, and
Complemented Strains

The other major carbon resource observed during nitrogen
stress in C. reinhardtii is the formation of lipid bodies. Since
the blockage of starch synthesis in the starchless mutants
creates the potential for diverting metabolic precursors into
lipid biosynthetic pathways, we investigated whether lipids
were differentially accumulated in the starchless mutants by
quantifying lipid-derived fatty acid methyl esters (FAMEs)
using GC-FID. Lipids were extracted, derivatized, and quan-
tified from liquid cultures of CC124, sta6, sta7, c5,and ¢19 at
the indicated times of acclimation to nitrogen deprivation
(FIG. 3). The results indicated that the greatest levels of
FAMEs derived from cellular lipid are observed in c5, ¢19,
and sta7, followed by sta6 and CC124, respectively. The
starchless mutants contained approximately 2 to 4 fold more
lipid/cell than CC124, indicating that additional lipid accu-
mulated in these strains relative to CC124. This is consistent
with previous studies of sta6. However, from a bioenergetic
perspective, it should be noted that in TAP-N CC124, cell
numbers continued to increase while the starchless mutant
cell numbers did not, and that despite the increased energy
density of lipids relative to starch, the increased lipid content
in the starchless mutants (approximately 10-20 pg/ml of cul-
ture) does not completely offset the loss of starch (150 pg
starch/ml of culture at 96 h synthesized by CC124 cultures
during nitrogen deprivation). It should also be noted that our
cultures were inoculated at low cell densities to compare
nutrient-replete and nutrient-stressed conditions, and that by
standardizing to cell counts the smaller sta6 cells are slightly
underrepresented from an initial biomass perspective in these
experiments.

The major fatty acids observed in all strains cultured in
either TAP or TAP-N media were 16:0, 16:1, 18:0, 18:1, 18:2
and 18:3, which is consistent with previous studies. Only
minor differences were observed in the fatty acid profiles
among the different strains under the culturing conditions
used.

FAME Quantification.

Glycerolipids were converted to fatty acids for GC-FID
analysis as described previously. Lipids were extracted and
derivatized from liquid culture at the indicated times. Briefly,
1.0 ml methanol saturated with NaOH was added to 0.5 ml
culture and heated in tightly sealed vials at 100° C. for 2
hours, resulting in cell lysis and lipid saponification. Acid-
catalyzed methylation was accomplished by adding 2 ml
1:1.2 6 N HCI/MeOH and incubating at 80° C. for 2 hours,
followed by 60° C. overnight incubation. Fatty acid methyl
esters were extracted into 1 ml 1:1 hexane/MTBE via gentle
inversion. Extracts were washed with distilled water and ana-
lyzed directly by GC-FID using an Agilent 7890A gas chro-
matograph with a DB5-ms column (Agilent Technologies,
Santa Clara, Calif.).

Example 4

Lipid Body Formation During Nitrogen Deprivation
Visualized by Fluorescence Imaging

Lipid droplet formation after acclimation to nitrogen dep-
rivation was investigated. All strains were visually assayed
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for nonpolar lipid accumulation using laser scanning confo-
cal microscopy after incubation with the nonpolar lipid fluo-
rophore Bodipy 493/503. As shown in FIG. 4, nonpolar lipid
body formation, depicted by green Bodipy 493/503 fluores-
cence, increased dramatically in nitrogen-stressed cells rela-
tive to cells in nutrient-replete medium, which is consistent
with previous reports on the induction of lipid droplet forma-
tion in C. reinhardtii as a consequence of nitrogen limitation.
Although the greatest density of lipid droplet formation was
seen in stab cells, substantial accumulation of non-polar lipid
bodies is observed in all strains, with the larger sta7, ¢5, and
c19 cells accumulating greater quantities of cellular lipids
(FIG. 3).

Microscopy.

The effects of nitrogen deprivation on nonpolar lipid accu-
mulation were visually assayed using laser scanning confocal
microscopy. After 96 h in TAP-N, all strains were stained with
the nonpolar lipid fluorophore Bodipy 493/503 (Molecular
Probes®, Invitrogen Corporation). To prepare the cells for
imaging, 3 ml of each culture was centrifuged at 4000 g at RT
for 5 min. The supernatant was removed and 100 uL. of the
supernatant was used to resuspend the cell pellet. 99 ul of the
concentrated cell suspension was then stained with 1 ul of
Bodipy 493/503 (1 mg/ml in 95% ethanol) for a final concen-
tration of 10 ug/ml. Stained cells were incubated at RT for 5
min. To immobilize cells, 1% low melting temperature
(LMT) agarose was heated to 65° C. for use as mounting
medium and 5 pl. of stained cell suspension was rapidly
mixed with 5 pl of molten 1% LMT agarose. Five pl of this
mixture was immediately transferred to a coverslip which
was then inverted on a microscope slide and allowed to
solidity. Coverslips were sealed with a clear epoxy (nail pol-
ish) to prevent evaporation of mounting medium during the
imaging process.

Example 5

Attenuation of Photosynthetic Oxygen Evolution and
Acetate Uptake in the Starchless Mutants During
Nitrogen Deprivation

Utilization of acetate was analyzed and the levels of pho-
tosynthetic O, evolution was quantified for each strain during
acclimation to nitrogen deprivation to study mechanisms of
differential carbohydrate and lipid accumulation during
nitrogen deprivation and to determine whether these param-
eters are correlated to lipid and starch synthesis (FIG. 5).
Interestingly, significant quantities of acetate remained in the
medium for all strains after 96 h of nitrogen deprivation when
cultures were inoculated at 2.0-2.5x10° cells/ml (FIG. 5A).
More complete acetate utilization can occur if cultures were
inoculated at higher cell densities. Under nutrient-replete
conditions, acetate was completely consumed within 48 h
(data not shown) when cells are inoculated at 2.0-2.5x10°
cells/ml. These results suggested that under nutrient-replete
conditions, acetate is completely consumed regardless of cel-
Iular carbohydrate and lipid levels and is presumably used to
synthesize proteins, membrane lipids, and nucleic acids or
support respiration during active cell division. These results
indicated an overall attenuation of anabolic processes in all
strains during nitrogen deprivation. However, in accordance
with the starch and lipid accumulation data, acetate utilization
was the greatest in ¢5 and ¢19, followed by CC124, sta7, and
sta6, respectively. The increased use of acetate in the comple-
mented ¢5 and c¢19 strains relative to the other strains, also
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indicated that anabolic processes in the ¢5 and ¢19 comple-
mented strains are less severely affected during nitrogen
stress.

Photosynthetic O, evolution was also monitored and all
strains exhibited attenuated levels of O, evolution (20-30% of
nutrient-replete levels; data not shown) after 24 h of nitrogen
deprivation (FIG. 5B), relative to nutrient-replete culturing.
This is consistent with previous observations that showed
attenuated levels of O, evolution in C. reinhardtii and other
algae as a consequence of a variety of nutrient (N, P, S)
stresses. As shown in FIG. 5B, O, evolution in sta6 and sta7
was more severely attenuated relative to ¢5, ¢19, and CC124
during the first 24 h of nitrogen deprivation. These O, evolu-
tion data, in combination with the acetate utilization results,
indicated diminished anabolic activity in the starchless
mutants relative to CC124—activity that is reestablished and
apparently augmented in the complemented strains. Although
sta6 cultures showed the lowest levels of acetate utilization
and photosynthetic activity, it should be noted again that
because the average diameter of these cells is smaller relative
to the other strains, and because cultures were standardized
according to cell number, less cellular volume and chloro-
phyll was initially present in the sta6 cultures. However, even
when the acetate utilization and photosynthetic activity data
are adjusted to the same starting chlorophyll, oxygen evolu-
tion and acetate uptake was still attenuated in sta6 relative to
CC124, c¢5, and c19.

As shown in FIG. 6, chlorophyll levels in sta6 and sta7
decreased at a greater rate in the starchless mutants than in
CC124, c5, and c19 over 96 h of nitrogen deprivation. The
accelerated loss of chlorophyll in the starchless mutants was
consistent with the more severely attenuated O, evolution
activities observed in these strains. Under nutrient-replete
conditions, similar amounts of chlorophyll are attained in all
strains. In sum, a significant acclimation response in the
starchless mutants during nitrogen deprivation is a reduction
in overall biosynthetic activity. This was reflected by dimin-
ished photosynthetic O, evolution, attenuated acetate utiliza-
tion, and the observation that the mutants’ increased lipid
biosynthesis does not completely offset the loss of cellular
starch that is synthesized by control cultures.

Acetate Utilization

Acetate remaining in culture media was quantified using
HPLC as described previously (5). Both nitrogen-replete and
nitrogen-depleted TAP contained 17.5 mM acetate prior to
culturing (0 h). One ml of medium supernatant was filtered
through a 0.45 um Nylon membrane prior to HPLC analysis
and injected into an Agilent 1200 HPLC (Agilent Technolo-
gies, Santa Clara, Calif.) equipped with an Aminex HPX-87H
(Bio-Rad, Hercules, Calif.) column (45° C.), using a 0.6
ml/min flow rate and 4 mM H,SO, as an isocratic mobile
phase. UV-Vis and refractive index detectors were used to
separate and quantify acetate levels by comparison with stan-
dards.

Photosynthetic Oxygen Evolution Rates.

Oxygenic photosynthesis was assessed by measuring in
vivo O, production using a custom-built Clark-type apparatus
equipped with YSI5331 platinum electrodes (YSI Incorpo-
rated, Yellow Springs, Ohio). Cells were grown to late-log
phase under nitrogen-replete conditions, whereupon cultures
were resuspended at approximately 1x107 cells/ml in TAP-N
media to produce O, at levels sufficient for detection. Cell
suspensions (0.8 ml) were taken immediately after removal
from the orbital shaker and added to a temperature-con-
trolled, water-jacketed glass reaction cell (Allen Scientific
Glass, Boulder, Colo.) based on an earlier design by Gilson
Inc. Probe polarization (0.6V) and digital signal amplification
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was accomplished using a custom-built digital picoampmeter
circuit and acquired using a digital data acquisition card (Na-
tional Instruments, Austin, Tex.) and custom software. Cali-
bration of the electrode signal was done at the initiation of
each experiment using air-saturated TAP medium and argon-
purged (General Air, Denver, Colo.) reference buffer. Oxygen
photoproduction of the stirred cell suspensions was measured
during a 3-min illumination with approximately 80 pumol
photons m~2 s™* from an incandescent Fiber-Lite High Inten-
sity [lluminator (Dolan-Jenner Industries, Lawrence, Mass.).
Oxygen photoproduction rates were calculated from the
change in O, concentration over the 3-min illumination
phase. Normalizations were done based on culture volume,
the amount of chlorophyll (ug), or the cell density of each
sample.

Chlorophyll Measurements.

Chlorophyll was measured using ethanol extraction. One
ml of culture was centrifuged at 6000 g for 5 min at room
temperature (RT), the supernatant was saved for acetate quan-
tification (see below), and the cell pellets resuspended in 95%
ethanol and vortexed to extract pigments. Cellular debris was
pelleted by centrifugation (14,000 g) for 3 min, and absorp-
tion was read at 665 nm and 649 nm using a Jenway 6505
UV/Vis spectrophotometer (Barloworld Scientific Ltd.,
Essex, U.K.). Total chlorophyll (ug/ml) calculations were
performed as described previously.

Example 6

Chlorophyll Fluorescence is Able to Distinguish the
Starchless Mutants from CC124

To ascertain whether the starchless phenotype could be
discriminated from wildtype cells using chlorophyll fluores-
cence techniques and adapted to downstream high-through-
put screening assays for mutants that have restored anabolic
and photosynthetic phenotypes, we probed the variable fluo-
rescence ratio F /F,, which is proportional to the quantum
yield of charge separation, in sta6, sta7, and CC124. Mea-
surements were recorded periodically after plating using the
PSI Fluor Cam imager, which is amenable to high sample
throughput applications. As shown in a representative long
time-scale experiment in FIG. 7, when plated on TAP-N agar
F /F,, ratios are consistently higher for the starchless mutants
(sta7 slightly higher than sta6), whereas F /F,, ratios are simi-
lar on nutrient-replete TAP plates (data not shown). This
indicates differential acclimation of the photosynthetic appa-
ratus in the starchless mutants relative to the wildtype after
several days of nitrogen stress.

These results indicated that the starchless mutants can have
distinct fluorescent signatures that can be useful in future
studies examining both perturbations in the photosynthetic
electron transport chain that occur as a consequence of the
blockage in starch synthesis, and identifying mutants in the
starchless backgrounds that have improved photosynthetic
properties.

Chlorophyll Fluorescence Measurements.

Variable chlorophyll-a fluorescence was measured using
the Photon Systems Instruments (PSI) Fluor Cam 800MF
(Brno, Czech Republic). CC124, sta6, and sta7 (five repli-
cates each) were plated on TAP and TAP-N agar and mea-
sured periodically using the PSI Fluor Cam Quenching
Analysis software version 6.0 edited to allow a one-minute
dark pause after the measurement of F,,. Plates were dark
adapted for 15 minutes before measurements. Saturating
pulse intensity was set at 40% with actinic pulse intensity of
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1000 pmol photons m™ s™'. F_ and F,, were measured
directly from each colony and reported hereinas F /F,, where
F =F,-F..
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305

Ser

Phe

Ala
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Trp
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370

Gly

Val

Cys

Leu

Arg

450

Pro

Gly

Val

Ser

Asp

530

Arg

Ile

Cys

Trp

His

610

Asp

Asn

Gly

Arg

Asn
690

Tyr

Glu

Phe

Gln

Pro

Ala

355

Gly

Asn

Tyr

Gly

Asp

435

Phe

Gln

Gly

Pro

Glu

515

Cys

Trp

Lys

Gly

Trp

595

Ala

Met

Arg

Pro

Asn
675
Met

Cys

Asp

Glu

Tyr

Met

340

Ser

Ile

Glu

Tyr

Asn

420

Cys

Asp

Gln

Ala

Thr

500

Asp

Asp

Ser

Gly

Ser

580

Ala

Ser

Val

Asp

Thr

660

Leu

Gly

His

Pro

Phe

Arg

325

Gly

Cys

Glu

Arg

Met

405

Thr

Leu

Leu

Tyr

Ile

485

Gly

Pro

Gly

Glu

Thr

565

Pro

Asn

Ile

Ala

Gly

645

Thr

Thr

Asp

Asp

His

Asn

310

Phe

Arg

Asp

Val

Gly

390

Leu

Leu

Lys

Ala

Asp

470

Val

Tyr

Val

Leu

Trp

550

Asp

Asn

Asn

Asn

Tyr

630

Glu

Lys

Gly

Glu

Ser
710

Gly

Glu

Asn

Phe

Glu

Ile

375

Pro

Ala

Asn

His

Ser

455

Gln

Thr

Pro

Leu

Asn

535

Asn

Gly

Ile

Gly

Phe

615

Asn

Gln

Trp

Ala

Tyr
695

Glu

Phe

Leu

Phe

Ser

Phe

360

Leu

Thr

Pro

Cys

Trp

440

Ile

Glu

Ala

Leu

Arg

520

Gln

Gly

Pro

Tyr

Gly

600

Val

Asn

His

Glu

Leu
680
Gly

Leu

Asn

Glu

Trp

Ala

345

Lys

Asp

Ile

Gly

Asn

425

Val

Leu

Thr

Glu

Ala

505

Asn

Val

Lys

Trp

Ala

585

Arg

Ala

Lys

Asn

Val

665

Leu

His

Asn

Arg

Tyr

Gly

330

Ala

Gln

Val

Ser

Gly

410

Gln

Thr

Thr

Gly

Gly

490

Asp

Thr

Gly

Phe

Ala

570

Asn

Gln

Ala

His

Asn

650

Asn

Leu

Ser

Tyr

Phe

Tyr

315

Tyr

Val

Leu

Val

Phe

395

Glu

Pro

Glu

Arg

Gln

475

Ile

Pro

Lys

Ala

Arg

555

Gly

Asn

Trp

His

Asn

635

Ser

Arg

Ser

Lys

Leu
715

Val

Ser

Ser

Gly

Val

Phe

380

Arg

Tyr

Val

Tyr

Ala

460

Arg

Met

Pro

Met

Phe

540

Asp

Asp

Thr

Lys

Asp

620

Glu

Trp

Leu

Cys

Asn
700

Arg

Arg

Gln

Thr

Gln

Lys

365

Asn

Gly

Tyr

Val

His

445

His

Val

Thr

Leu

Ile

525

Pro

Val

Phe

Pro

Gly

605

Gly

Ala

Asn

Arg

Gly

685

Gly

Trp

Leu

Ile

Val

Gly

350

Glu

His

Leu

Asn

Arg

430

Val

Ser

Ala

Asp

Val

510

Ala

His

Val

Ala

His

590

Gly

Phe

Asn

Cys

Gln

670

Val

Asn

Asp

Leu

Pro

Asn

335

Ala

Cys

Thr

Asp

Tyr

415

Gln

Asp

Ala

Met

Gly

495

Glu

Glu

Tyr

Arg

Ser

575

Glu

Arg

Thr

Gly

Gly

655

Arg

Pro

Asn

Gln

Ile

Gly

320

Tyr

Pro

His

Ala

Asn

400

Ser

Phe

Gly

Trp

Ser

480

Ala

Ser

Ala

Gly

Asn

560

Ala

Thr

Gly

Leu

Glu

640

Glu

Gln

Met

Asn

Leu
720

His
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34

-continued

725 730 735

Phe Arg Arg Ala Thr Pro Ala Leu Gln Arg Thr Thr Phe Val Asn Asp
740 745 750
Lys Asp Ile Gln Trp His Gly Glu Leu Pro Asn Thr Pro Asp Trp Thr
755 760 765
Asp Thr Ser Arg Leu Val Ala Phe Thr Leu His Asp Gly Lys Gly Gly
770 775 780

Gly Leu Tyr Val Ala Phe Asn Thr Ser His Leu Pro Lys Leu Leu Gln
785 790 795 800
Leu Pro Lys Trp Gly Gly Arg Val Trp Gln Pro Leu Val Asp Thr Ser

805 810 815
Lys Val Ala Pro Tyr Asp Phe Leu Ala Val Asp Gly Val Leu Ser Ala

820 825 830
Glu Asp Val Ala Ala Ala Arg Arg Gln Met Ala Met Trp Thr Ala Asp
835 840 845
His Thr Tyr Pro Val Leu Pro Trp Ser Cys Ile Val Leu Gln Ser Ala
850 855 860

Pro Glu Asp Pro Ala Ala Thr Ser Met Ile Lys
865 870 875
<210> SEQ ID NO 2
<211> LENGTH: 2628
<212> TYPE: DNA
<213> ORGANISM: Chlamydomonas reinhardtii
<400> SEQUENCE: 2
atgcttcetge aagccectgg cctegegeeg ggeteggete gtegecagge agectgcage 60
gtggctegeyg aggcaaccaa cgtgegeatt gtgacagcac ctgctttgac acccgggege 120
getggagttt ctggeccggeg tatcectceceg cectegegeg tegtgteegt ggagetggag 180
geeccgacyge tgtegtcegag ccoctgegact gtcagcacca agaagttgtt ctgegagecg 240
agcgggcage ccgcatctac tgcctatggg ceegecctga cegggegece agetectttg 300
ggcgecagea tcgacgctga cacgggegece atcaacttet cagtgttcag ctectccgece 360
gagtccegtga gectggtget gttcacggag getgacctca acgcaggecg ggecacttte 420
gagattccte tggacccgta tgtgaaccge acgggcgacg tgtggcacat catgetgecce 480
gacctgegygyg acgacctgcet gtacggctac cgtgtggagg gegtgcacca ggaggaggac 540
aaggactacc cgggcatgag gcacgacaag cggcegtgtgg ttetggacce gtacgeggtg 600
getgtgcetea accggeggeyg ctggggecag atggggecca acctgecgta cggegaggag 660
ggegtgetygyg gegtcatgee cacgtggecg caggcecgecg cegegetgeco cgecgecege 720
ggcteccegect tegactggga gggcgacacg ccgctcaacce tgcccatgga gagectggte 780
atctacgagg cgcacgtgag gggcttcacg gegcacgeca gcageggggt ggcggegecyg 840
ggcacgtacyg cgggcatggt ggageggetg gactacctca agtcegetggg tgtgaacgec 900
attgagctge tgccegtgtt cgagttcaac gagctcgagt actacagcca gatccccgga 960
agcgaccagt acaggttcaa cttctggggce tactccacgg tcaactactt cagccccatg 1020
ggeegettea gegetgeggt gggecaggge gegecggece gegectectg cgacgagtte 1080
aagcagctgg tcaaggagtg ccacaggcgc ggcatcgagg tgatcctgga cgtggtgtte 1140
aaccatacgg ccgagggcaa cgagcgegge cecaccatcet ccettecegegyg cctggacaac 1200
cgegtetact acatgetgge gecgggagge gagtactaca actacagegyg ctgcggcaac 1260
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-continued
acgctcaact gcaaccagcc tgtggtgcgg cagttcatcce tggattgcct caagcactgg 1320
gtcaccgagt accacgtgga cgggttcagg ttcgacctgg cctceccatcct gacccgegec 1380
cactecggect ggcacccgca gcagtacgac caggagacgg ggcagcegegt ggccatgage 1440
agcggeggag ccatcgtcac agcggaggge atcatgactyg acggtgceggyg tgtgeccace 1500
ggctaccege tggecgacce gectetggtg gagtcecatca gegaggacce cgtgetgegy 1560
aacaccaaga tgatcgcgga ggcctgggac tgcgacggac tcaaccaggt cggegectte 1620
cegecactacg geggecgetyg gagcgagtgg aacggcaagt tcecgegacgt ggttcegcaac 1680
ttcatcaagg gcacggacgg cccctgggceg ggcgactteg cctcecgecat ctgeggeteg 1740
cccaacatcet acgccaacaa cacgccgcac gagaccgact ggtgggccaa caacggceggg 1800
cggcagtgga agggeggecg cggcccgeac gectccatca acttegtgge ggegeatgac 1860
ggcttcacge tggcagacat ggtggectac aacaacaagc acaacgaggce caacggagag 1920
aacaaccggg acggcgagca acacaacaac agcetggaact geggcgagga ggggeccace 1980
accaagtggg aggtcaaccg gcectgcgtcag cgecagatge gcaacctgac cggegegetg 2040
ctgctgtegt geggegtgcee catgatcaac atgggcgacyg agtacgggca cagcaagaac 2100
ggcaacaaca acacctactg ccacgacagc gagctaaact acctgeggtg ggaccagcetg 2160
gccgaggace cgcacggctt caaccgette gtgcgectge tgatccactt ccgecgegec 2220
acgceegege tgcagegcac cacctttgte aacgacaagg acatccagtyg gcacggcgag 2280
ctgcecaaca cgcccgactg gaccgacacce agecgectgyg tggecttcac getgecacgac 2340
ggcaagggeyg gcggectgta cgtggectte aacaccagec acctgceccaa getgetgeag 2400
ctgcecaagt ggggeggecg cgtgtggeag cegetggtgyg acaccagcaa ggtggeccce 2460
tacgacttce tggeggtgga cggcegttetg agegecgagyg acgtggegge ggcgeggcegyg 2520
cagatggcca tgtggaccgce cgaccacacce taccccgtge tgccctggag ctgcategtg 2580
ctgcagagcg cgcccgagga cccggecgcece acaagcatga tcaagtga 2628
<210> SEQ ID NO 3
<211> LENGTH: 17329
<212> TYPE: DNA
<213> ORGANISM: Chlamydomonas reinhardtii
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (13057).. (17091
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 3
ggatcctgte gatccggcat tgcatgggca tgttcgeatce aatcatgtgt ggattctecg 60
tgtecgggect gatggeggte cttggecctt cacccacceyg cgecttcaca cttgeccgea 120
ttgcteccaaa ccaccaccce cggccecgece acctgegecyg cegectgece catgetactg 180
tgcctggeta tgccttcact tcttacatat gecatgaatgt aaccccacce ctaacactgt 240
caggaagctg atccgtgact atcccaacct gtgcaactac gtgcgcgacce tgtaccacgt 300
geeeggeate ggecgcacceg gtagggggceg geggegeget ggaatgcaca aggggtgaac 360
ttgtgtgcegt atgatacagce tttgcgtgct tgctgtecat gtgctttcat acatgtgecg 420
cacacacaca cgccaacact gtcctgegeg tatttettte cttgegettt ttgaaaacac 480
gccaaacaca cccacttaca cgcacatact cgctcacacg cagttgacct gtaccacatce 540
aaggccgect acttcacatg caaggtaggg cagggcageg ccegggcaggyg cagggcaggg 600
cagggcaggg cagggceaggg cagggceaggg cagggcaggg cagggcaggyg cagggcaggg 660



37

US 9,290,782 B2

38

-continued
cagggcaggg cagggcaggg cagggcaggg gegtegectyg ctgtgtgcag cactcattga 720
cegtgecect gececttece tgcgcccace catctggeca ccaccccact gggectccac 780
gectgectyge tteccgtate caataatttg ccaactatac cacatgtgtg cgtgttcege 840
gcagcccgac atgaacccca acgtgatcat cccgggegge ggcgacgect ggtgggcaca 900
geegecacgac cgegetgaca agtteggggg caagcegegag ggcggegggce tggegggetg 960
gctgcagaag ctgecegtgt gggegecgca cgecgecgee tetgecegecg cggegetggt 1020
ggegggcegeg gcegetaggga geagecggeg gegctgageg ggegctgtgt atgtggaggt 1080
gtggttgcat gtttggatgt catttgtgtg aagtgcacca gtgatgcatt ttgtgcatgce 1140
atgcaaggcg gatgtgcatg tgtacacttc acggattgcg cgggttcttt cagggaatgg 1200
ccgaageggg ggttgtceeg acatggectge agectteggg tgcggcetgtt tgcgcaatgg 1260
cggtttgtcg geccggcgegt acatctgaac atcaaaacgg aactcaaggt ctaggttgeg 1320
gtagcggatg aaaaaggcgt gggccgttta gttgcaaagce ggttcaggcg aacaggcgat 1380
tggggtggca gctgtgggtyg gcagtceccggg acagcccgac ggttatggtt cggcaccatg 1440
gcctegactyg attccaagcg cgtcagaagg gctgtgaatce ctgtcatgtt gtaactcget 1500
tgacatgctg actgtgatgt gcactgtgct aaatgcatgc tgcatggagce ttgcttgegt 1560
geeggttaga gtgcaaagece atcgacggga gggaggegtt geacgegege gtgtcaggte 1620
agtcgegegt cggcggggtce aaccttgcag cctgcagceca actcaacccece ttttgcatceg 1680
actcatctca cggcgacceg ctattgcgac aaactgacga tcaggcagag cggtgcctgg 1740
gagacgactyg gggacacgce acgcacgggg aaatgccact tgacatcgtt tcaccgaact 1800
gtcaaagcgt ccctecgcat gacatgtcectce caaccggaaa tactcaatgc agttgacgtce 1860
cgtggcaggg aatggtagta gcagaggagg aggaggccag tcgtttccag ctcececggtcetg 1920
catggggcga atgttgcgtg cccccatgca gttegcecttga cecggggcget aggcaaaccg 1980
gccttgcaaa gtecgegcagt gtagecgetge tcaatctgga agegecttag caacaggcegce 2040
tagtcaacaa ccgcataccc ttgtgctgac gctggactgt gttagacttg ggtcttcetcet 2100
gaaccttgtg ttecccagcectg agagtcgacg aatttcaata cttgctacgc attaatatcce 2160
aatttgggct cagccatgcet tcetgcaagce cctggecteg cgceccgggcte ggctegtege 2220
caggcagcct gcagegtgge tcgcgaggca accaacgtge gcattgtgac agcacctget 2280
ttgacaccecg ggcgegctgg agtttetgge cggtgagcaa gectcgcecgat tetgettttg 2340
gggtttagtt gcagctccct gtcgageget ttttgacggce gcegcttcaag caatctagtce 2400
gctagccege catgtcectgta ctettgcaca tcaagcectca atgcacgegt ggggttgegg 2460
gccaaacgga taacgcatgce tggaatatgt tgtgcgcggg ctggcaggceg tatcctececyg 2520
ccetegegeg tegtgtcecegt ggagcectggag gccccgacge tgtcecgtcgag cectgcgact 2580
gtcagcacca agaagttgtt ctgcgagccg agcgggcagce ccgcatctac tgcctatggg 2640
ccegecctga ccegggegece agetcectttg ggegecagea tcegacgctga cacggtgage 2700
gcgecatgca gctggaaact actcgatgtg gtcaacgttt ttggctgecce tcgacaactt 2760
cacaaaagtt ggttgcccge cagtcgggtce ccctectegtg cgctgggtgt tgcgegettt 2820
accteccaace cgcaccegge cgcccgetece tecaccgect ccagcaccac acaccccaac 2880
gcacatttece tectacctca ctcactecte tgcacgctec tgcccagecce taccaaaccce 2940
acttcctget cccatcttet ccaatcttcee gacagaatcce tacttgcecgta acgttgctca 3000
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40

cceecttttt

gagtccgtga

gaggtgaggg

agaggggtca

tttagaggga

gggtagcegg

dgcaggggcea

tctggacceyg

ggacgacctyg

gataactctce

cagcggggtyg

ggagcgagca

gggctagagg

aggtggcagg

ggagggcetg

gcacgcegggy

agggatgagt

dgacgcgagy

ctcacccgaa

taccgtgtygg

aaggtgtgtg

gtgctcgggt

tgacaggaaa

gttcatccat

caccceccececte

gegetgggge

geccacgtygyg

ggagaggttg

agaggagctt

gtctgaccca

caccaccacc

agggcgacac

ggggcttcac

gggtggggag

aaggtggagg

gggaagaggt

aggcgtggca

actcctecte

tggactacct

acgagctega

cctacttecca

gectggtget

agggggcaga

ttcgtaccaa

getggegtgg

tgggagcggg

cctaacacac

tatgtgaacc

ctgtacggtyg

ccctgaaaaa

gtatgggcce

dggggaggag

ggttggggcyg

gCthgCtgg

cggteccgga

c€gggtggggg

cgtetgeccee

cgcccaccta

ccectectea

agggcgtgca

tgtgtgtggt

gtgggctcaa

ggtacgggac

gcactaccgg

cagcggegtyg

cagatggggc

ccgcaggtgg

agagggctgg

gtgggactgg

cgtgcacatt

gcaggccgee

gecgetcaac

ggcgcacgee

dggaggggag

cgcgctaggg

dcggggeggce

agttgggetce

acctcctece

caagtcgetyg

gtactacagce

tcagggegec

gttcacggag

gggtggggty

tccgaagtygyg

gggtggtaag

tgtgttggta

acgctcacge

gcacgggcga

agatgactgg

gcagcgcage

gagcccaaca

gtttggggag

tgagggagcg

dgcaggagga

catggcggtg

gcaggggeag

accaaggagc

cecgectecte

cctetectge

ccaggaggag

gtgtgtgtgt

acaagtggge

taccgtacat

taatccctcet

tggttctgga

ccaacctgec

gtgggecgtyg

dggceggggcy

cttgtgecag

gegetttege

geegegetge

ctgcccatgyg

agcagcegggag

cggggcttgg

ctacaagett

¢gegygggegy

cagggectta

accecectgec

ggtgtgaacg

cagatcceeg

atcaacttct

getgacctea

gggtgggaaa

accaagaccc

tggtggeggt

gtcatgttgt

acacgcccat

cgtgtggeac

ggggggattt

aaggagaagc

cattatagga

aggggccgaa

dggaggceaga

agcgggtagg

tgggagctga

gggcggtagg

agacggcggc

ctcectetec

tcctetecte

gacaaggact

gtgtgtgtgt

gtcgtaacgg

cgctegegac

ctecegettee

ccegtacgeyg

gtacggcgag

dagggegcegy

gggcggggat

cggcacggcyg

aacgccacat

cegecgeceyg

agagcctggt

tggngCgCC

ggtgcggggy

d99999cggg

gtggccagag

dagaggcaag

taggcacgta

ccattgaget

gaagcgacca

cagtgttcag ctecteegee

acgcaggecg ggccacttte

ggtggttgag ggggtgcgaa

agcacaagcc cacgggtggg

gaaggtgggt gaggcgggca

tgceggtget gatgegtget

attccgecege cgcagattee

atcatgctge ccgacctgeg

gggggaaagg cagtgaggag

tgcagccgea tatgegggty

agcagcggtg gcggtgggaa

dgcaggggag ggagcaggea

ggggtgtacc tggeggggtyg

cgggeggtgg gaggcggtgt

c¢ggccaggga gggggcagge

ggcttgggeca gcagcetgeca

aagcgaagta tgcctgaaga

ctagcectca cccgaaccect

cctececect cectecagge

accegggeat gaggcacgac

gtgtgtgtgt gtgacaaggt

getgggtgta acatttggtg

ctcggeccac ccacccatcee

cceettecce ctetecegee

gtggctgtge tcaaccggeg

gagggcgtgc tgggcgtcat

cgtgggeegt getgtactgt

ggggatgggg atggggttga

gcaggecacg gcectgagetg

gcacacatge acgtgccccce

cggetecgee ttegactggy

catctacgag gcgcacgtga

gggtgagcgg caggcggagg

gtgggtgggg gccagggtgce

gggcggggtt ggggaggtag

acaggaaatg gagaaggagg

cccacttace geeegeceee

cgcgggcatg gtggagcggce

getgeeegty ttegagttca

gtacaggtga gggggaaggg

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400
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42

ggggggtata

cagatcccag

ctecettgetyg

accacctcat

ccctcacaca

gecccatggyg

acgagttcaa

gagggggcgy

ttggcgtgtg

ggctgecaca

cegtecaccee

ctcaggtgat

ccatctcectt

actacaacta

dggggagggce

ggatgggatg

accgeegtge

gtggagggga

gggaggatgg

dgcagggegy

cctgeacact

tcatgecece

gcageggetyg

attgcctcaa

aggggaggaa

tgaccggggg

gtgcegtcece

tettgtgece

ctccateetyg

gcagegegtyg

aggegyggggy

aggeggggga

acccaatgtg

tctagecace

ctgtgtteceg

cacgcacacg

taccecgetygyg

accaagatga

agggggtagg

tgaccgagec

taaacgggceyg

ggggtcatct

cceceeectty

ccectecatec

cecgetteage

gcagctggte

gggtggataa

tacgtectgt

ccactgecte

catcaacgge

cctggacgty

cegeggectyg

caggtggggg

999999999

ggagggcatg

attatgcatg

gaagtggctce

gegegttggg

ggcggtgttc

gcactggggc

atccteacceyg

cggcaacacyg

gcactgggte

dgaggggagy

gataccggeyg

ttcatcacca

acctctecce

accecgegecc

gccatgagcea

tggtggggca

aggaggttga

agcggtgetg

gcactcccac

ctggettgge

cacacacgta

ccgacceged

tegeggagge

tattcacgat

caacgaatgg

cttggcatag

tgcgagggge

tgggccetete

aggttcaact

getgeggtgg

aaggagtgcc

tgaagggagg

tctggactet

ccececcacceyg

tccceectact

gtgttcaacc

gacaaccgcyg

ggagggctgg

agggceggggy

gtggggaggy

ctgtatcgag

agaagcagtyg

agcaaggggg

dggggceaagy

gtgccggcaa

ccecgeccecac

ctcaactgca

accgagtacc

aggacaggtt

gattcggggy

ggctgtgett

tctcecectet

actecggectyg

dcggeggage

dggaagaggy

attgcgaggt

catctgeggyg

acgctetete

teggtttggt

cgcaggeatce

tctggtggag

ctgggactge

aaatcaagaa

gggttggaga

ccegeggtga

tgaagggagc

ccccatcace

tctggggeta

gccagggcgce

acaggcgcgg

tgggggcggg

ttccacccect

ccgttatata

gecectecty

atacggccga

tctactacat

d99999agg99g

aagggaaggt

daggggagga

ggtgatgtag

cagggctcac

cagcagaggyg

ggcggatggg

gtgccteeey

cttacctgee

accagectgt

acgtggacgg

gcaggggcecyg

ataccgggca

cecgecacttyg

ccegtetace

gcaccegeag

catcgtcaca

tgaaagaaag

dgaaagggag

ctgceggggy

ccttectete

ttagttttgg

atgactgacg

tccatcageg

gacggactca

caagcgggtt

gggtgegggg cagccgacac

aagcgetgge tcgegggggt

gctatggaat atcctggeat

cccatcacca cctcacacac

ctccacggte aactacttca

geeggecege gectectgeg

catcgaggtyg agcaggctgg

agagggcgec gaggcetggeg

cctgacctge taccgccaac

acaaccttet ggaaaccect

cceettecce cectgeccee

gggcaacgag cgeggcccca

getggegeeg ggaggcgagt

ctgggggggg agggctgggy

ggggcaaggg taaggggagg

gtaaagggag gggtaagggg

tggtatgcag ggggggaagg

aggggttgtt ggggcaaggg

geegtgttge gtggaacagg

acaaagcagc tctegetege

cgecteggte cccccaccag

cccacectac ccatgteccee

ggtgcggeayg ttecatcetgg

gttcaggtgg ggaggagggyg

ggeggtggge ggggcgggece

taagaaatga gagcgtgcga

catctggatce ggaaacctge

ccegecaggt tegacctgge

cagtacgacc aggagacggyg

geggagggtg ggtgggagge

ggggtttaca ccaccgetgg

gcaaatgcag tgagagcgaa

ggggctgtgc tcgtgaaagg

cctttecetyg tegectatge

ctggtactta caactcccta

gtgcgggtgt gcccaccggce

aggacccegt gectgceggaac

accaggtggg gtcgggggga

taataggggg cgcgtgtagg

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740
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ggtgctcgaa

tcctaatcett

tacggeggec

gggcgtgttc

tttcacgtygyg

gggetggget

caagttcege

cttegectee

cgactggtga

ggagggtgca

tgggtattge

tgtagatgtg

cgggcgctgt

gtggaaggge

cacgctggea

dgcaggggag

dgagggaagce

caggcagcag

cccaaccgac

acaacaacaa

acagctggaa

tgattagggt

geteccacget

ccgeacecett

taattcccca

ccacacacac

tgtegtgegg

acaacaacac

cteggeaatce

ttcagtcgga

cteccaccgec

gettegtgeyg

ttgtcaacga

ggggtgggag

gtggtgggtyg

gggcaccgag

tcatgttgca

aaccccectac

agcegectygyg

aacaccagcc

gtgtgtgtge

ggtgtteget

gctggagcga

agagacaaca

agagagaagg

taccaaatcg

gacgtggtte

gecatetgeyg

gcagcgggca

dgagggeacyg

ttggggcagg

acaggactgt

gtgacgtgtg

ggccgceggcec

gacatggtge

dgaaagggcyg

gaatgctgge

cegtgtgtac

cgaccgtetyg

gcacaacgag

ctgcggegag

getgegtgtg

getegectga

atcccegecyg

ctgececect

gcageggetyg

cgtgeccatyg

ctactgecac

ctttgtgtte

cacgaaatct

gectectege

cctgetgate

caaggacatc

tggcgegggg

accaggagat

caaggcgtga

tgcatatcge

cgcccececce

tggcctteac

acctgeccaa

gtgtgctaga

geccacegece

gtggaacggt

ggcacggcgc

aggcgcagcet

cgatgccaac

gcaacttcat

getegeccaa

c©ggggggtag

ggggtgctgt

agtcagcegyg

gagcgagege

gtgcgggege

cgcacgecte

gtgtagggtc

dcggeagegy

gctggcagtg

agtgctgegt

acgcaaccgt

gccaacggag

gaggggccca

tatgcaggtyg

tggcacctte

cecgectecac

tccceecttac

cgtcagegec

atcaacatgg

gacagcgage

tcaaccctygyg

ttcecceggat

aggtgggacc

cactteegec

cagtggcacyg

cctggatgga

gctetgaata

tgcatatcge

cgccccececace

ccececcgeag

getgcacgac

getgetgeag

tagcagtagg

cgatcaacce

gggtgggtge

gagctgcggg

gacgtggtca

acacatgcett

caagggcacg

catctacgee

ggcgatgegg

cggtgegace

gecagtgtteg

gtgttegtgg

acgcaggtgg

catcaacttce

€9g99999999

dggaggecgy

aaggcactga

catacagggt

gtgtggcgee

agaacaaccg

ccaccaagtyg

ctgtgcaggg

ctgcacacct

tcceccactyg

cacttcctca

agatgcgcaa

gcgacgagta

taaactacct

tgcegtttygyg

gegecgetet

agctggecga

gegecacgece

gcgaggtgeg

gettattggyg

cgaacatgag

ccecctggett

tggtgttece

ctgcccaaca

dgcaagggcyg

ctgcccaagt

caaacgttgg aatcagtgtyg

aggtcggege ctteccgeac

tgacgtcage acacgtgtcc

gagggggcac ttgtggggta

tacctgageyg atgtggccgyg

accacaaaca cacgtgcagg

gangCCCCt gggcgggcga

aacaacacgc cgcacgagac

tggacgagcg ggggggggga

ggcattagtyg tttggggaga

ttcagtgegt tgtcaagatt

tcgtgatgag acgacacgtyg

gccaacaacg gcgggceggca

gtggeggege atgacggett

dgcggagaaa ggcgggggaa

aaagagtgtt gaggcgagcg

tgatgcgatg gaatggcatg

gctcagtegt acataatggg

ccececececty caggtggect

ggacggcgag caacacaaca

ggaggtcaac gtgagtcatt

aggaggagga gdggagggggaa

ctatcccege gteegetgee

ctcttaatta atcatgaatg

actaatcatg aatgtaaccc

cctgaccgge gegetgetge

cgggcacage aagaacggca

geggtgagee cageggegat

ttatgegtgg tgtgcacacc

tacacctcete tacccgacac

ggaccegeac ggcttcaace

cgcgetgeag cgcaccacct

cggcatggge cttggacttyg

gggggggcgt gggggaggaa

cgagctgcat gggggattgg

ggceggactyg tcecttettg

ctcegettee ctcactacge

cgcecgactyg gaccgacace

geggectgta cgtggectte

ggggcggeeg cgtgtggcag

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140
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ccgectggtgg acaccagcaa ggtgcgggcece tgaggggaaa gaggagggaa gaggaggggg 10200
agggctgcge ggagaggcgce atgccggtgt gtgectggag cgacctttet atcagetcat 10260
cgectgtegte acctcattee gttceccattac cgtgtcgtte acacacacgce cccacgtaaa 10320
cacatgccgg ccatgtgaac gcacacgcag gtggcccect acgacttcect ggcggtggac 10380
ggcgttctga gecgecgagga cgtggcggeg gegcggcggce agatggccat gtggaccgece 10440
gaccacacct accccgtgct gcectggage tgcatcgtge tgcagagegce gcccgaggac 10500
ccggecgeca caagcatgat caagtgaggg ggagggaggce agagggaggg gggaaaggga 10560
ggagcgggtt ccatggaggce tagtcgtgtg tatctgtcge tgccccttgt ggaacatggg 10620
taaggcccgce tcagcaagag cactgcecgcece gccgccacct gccacacgcet catcgecttg 10680
tgctcttece ctgcecteee ctgcececgge cgacaggcege gcecgcccage gctceceggece 10740
cgecgececgece tcecggeccca geggececcge caaccccatg acctgggceca ccaacttcat 10800
cagcggacag gtgcggcgece tegtgteggt gcegtggegge agtgtggtge gtgaccgcat 10860
cgtgcgcetag gagctatgeg gaagagagtc tcgacaccgg gcccccgceca tgcgactgtg 10920
ttgatgcatt cgacgcctag cttcecectgtgg ccecctgtcat gtgetgettt ataactcacg 10980
tgtggaacgt atcatgcgtg tcatcctgceg gctgcectece tecggccccac agecgeccac 11040
acccggcaac ggcccccgeg geggcegecag cggctcatcee tectacggeg gegegtacgg 11100
cgccgcecacag accgcgtacg gcagcaacgg caacggcgcce aacgtgatcg gectcecctacgg 11160
acccgecgece accgccacca cctectecte cececggeggeg cgcgecgegt cegcecegecgt 11220
cgeccggceage agcecgcageg ccagcegcegcee gcgcgcecogeg cccgeggcecce ccgceccacte 11280
caacaacgcce cacgtgctte ctectececge cgccgectee acggggtcag gectccaaccg 11340
ctccaactgg cgcgcaatgce tggacgagca gccgccggca gctgctgetg ctgctgegge 11400
ggcggcggeyg gceggceggctyg ggtegtggeca getgtegtet ctggectegg cggacagcecga 11460
caacgagggc atgacggcgg cggagcegggce ggcgctggag caggccatgce gcgagaacga 11520
ggcgctgagyg aagcggctgg ggctgtagge ggctgcagge atctgcaggce agecegggggg 11580
ctgtggggct gcaggccgtt acaccggtgce tatgcagtga ggagagaagg gcagaagcgg 11640
gagatgggag cgggtggagg gatgaagggy cgggggtggy tggaggaggce gctgcagggg 11700
cagagagtcg ctgctggcegg cggtgttgag aggcggcegtg agcagcegggt gggtgggtag 11760
aggtagggcg gggcaccggce gttggaggaa gagcgggaag agctgcectgca agtgccgecg 11820
ccgcgataac tgtgtcatgg tcccaggtge aagaccacaa gttgtgaacg aagaatgaat 11880
aagttctttg gtgttgttga cgcgcccacg cccgagcaaa acacgggcgg gggctgtgte 11940
tagagcctga gecgttacatg ctcecttgegtt ctttggcact cacacttget cgcatgggag 12000
agctaagttt gcagacatgt cgtttgcaca ttttcttgga gccagctcta cgccttggee 12060
tcattttgag tgcgggtgag tgtgcggttg gggttgtage gtcecggttttg gtcatcgace 12120
ccteggecact gtgcatgagt tgaatgctgg atacgagatce atgtcgcaaa gttttggttt 12180
gacagggtgt tgagcaacga atctggagag gtgggggcgc ggcgatggcg cgttgtgtgg 12240
gttttcecect ggcegtgccg gcatgagaga gagaacagcet tgctgtgcac actgctaggg 12300
gcgecacagt aggttatgce ctgcacatat cagtaccgec tggcaacggt ttagaacacc 12360
ttggaaggcce aaaaccacag agggactggc attgcaatcce cgatgggttg atgttgtcat 12420
tgacgctggt cecgteggtgg atgcagagcece caggcgagag agggggttge ggccgaggge 12480
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ggcagcgtgt gcegetgegtt gagegtaccce caaagcgctt tggcgcaagce aaaccgagceg 12540
tcetgcacgg agagactgag tcctgagaga gccaagtttg gttgcggcac tgaggaagaa 12600
cgaatgcgag cagtgtgaac agtgtctccce ccatgggage tggcgegttg aaacatgaga 12660
gcgcaccceta gtgecgagtg ccattgageg tgttggtagg ggtttacggg tcattgectg 12720
cgtggeectg tegttccacyg tgttgacaag gttgttegtg ttectagtet ttgaccattg 12780
tttcggtage tatgcattgg cggcttagaa cggcaactcg attgcggcta ggaactgcta 12840
gtattacggt agtacgacag cgggggccga gtaggttcga gaactggaca ggttggcagg 12900
tgcgegtgece aagcgccaca tgtgccccegt gctgcectgetg ctegeccaccg cettggttgg 12960
cgtggcageg gctgagtggg gegggtgtgg gctggtgget gecectggegg cgttgggace 13020
atactcgtgt aacactaaaa gcagcgcggce acgtccnnnn nnhhnnnnnn nnnnnnnnnn 13080
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13140
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13200
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13260
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13320
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13380
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13440
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13500
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13560
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13620
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13680
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13740
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13800
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13860
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13920
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 13980
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14040
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14100
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14160
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14220
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14280
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14340
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14400
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14460
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14520
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14580
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14640
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14700
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14760
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14820
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14880
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nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 14940
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15000
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15060
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15120
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15180
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15240
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15300
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15360
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15420
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15480
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15540
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15600
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15660
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15720
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15780
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15840
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15900
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 15960
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16020
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16080
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16140
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16200
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16260
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16320
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16380
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16440
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16500
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16560
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16620
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16680
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16740
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16800
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16860
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16920
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 16980
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn 17040
NnNNNNNNNNN NNNNNNNNNN NNNNNNNANNN NNNANNNNNN nnnnnnnnn hagcetggege 17100
acgaacggct gcagcgggca ggcggaggca gtaggggcgg ggggttgcaa acatggttga 17160
attaacagga tgcactgaag gggaggggtt tgcaaatacc agcccaaact aaaccaaacc 17220
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aagtcaaact tggtttggtt gecaaacttyg gcaggggcag gecaggcagag ctgttcaaga

ggcgggagag cgtggectge cgtgtcagte tgctcccaca ccaggtace

17280

17329

We claim:

1. A modified algae cell comprising:

one or more copies of an isoamylase expression construct;
wherein synthesis of starch by the modified algae cell is
increased relative to an unmodified algae cell, and starch
accumulation by the modified algae cell is increased more
than about two-fold relative to the unmodified cell, and

wherein the background lacks mutations in the starch bio-

synthetic pathway.

2. The modified algae cell of claim 1, wherein the expres-
sion construct comprises a copy of the genomic isoamylase
gene.

3. The modified algae cell of claim 1, wherein the expres-
sion construct is integrated at one or more positions in the
genome.

4. The modified algae cell of claim 1, wherein the algae is
a green or red algae.

5. The modified algae cell of claim 1, wherein the expres-
sion construct comprises a genomic sequence of Chlamy-
domonas reinhardtii isoamylase.

6. The modified algae cell of claim 1, wherein isoamylase
is over-expressed compared to an unmodified algae cell.

7. The modified algae cell of claim 5, wherein the isoamy-
lase expression construct comprises an isoamylase coding
sequence that codes for an isoamylase enzyme with higher
activity than a Chlamydomonas reinhardtii isoamylase
enzyme.

8. A method of producing starch from an algae cell com-
prising: growing a modified algae cell in a growth medium,
wherein the modified algae cell comprises:

one or more copies of an isoamylase expression construct,

in a background lacking mutations in the starch biosyn-
thetic pathway;

wherein synthesis of starch by the modified algae cell is

increased relative to an unmodified algae cell, and starch
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accumulation by the modified algae cell is increased

more than about two-fold relative to the unmodified cell;
isolating the algae cell from a growth medium; and
processing the algae cell to produce a starch.

9. The method of claim 8, wherein the growth medium is a
nitrogen replete medium.

10. The method of claim 8, wherein the starch is included
in a biofuel.

11. The method of claim 8, wherein the algae cell is
Chlamydomonas reinhardtii.

12. The method of claim 11, wherein the isoamylase
expression construct comprises a genomic isoamylase coding
sequence.

13. The method of claim 11, wherein the isoamylase
expression construct comprises an isoamylase coding
sequence.

14. The method of claim 11, wherein the isoamylase
expression construct comprises a non-Chlamydomonas rein-
hardtii isoamylase coding sequence.

15. A modified Chlamydomonas reinhardtii algae com-
prising: one or more copies of an isoamylase expression
construct comprising a Chlamydomonas reinhardtii genomic
isoamylase coding sequence;
wherein synthesis of starch by the modified algae is increased
relative to the unmodified algae, and starch accumulation by
the modified algae cell is increased more than about two-fold
relative to the unmodified cell, and

the background lacks mutations in the starch biosynthetic

pathway.

16. The modified algae of claim 15, wherein a ml culture of
the modified algae produces greater than 2-fold the amount of
starch compared to a ml of culture produced by CC124.
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